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EDITOR'S PREFACE. 



) iDvestigHtioti of the proiwrties of alloys of raipper and tin liere 
N>rt#<i u)>oii. was eDtored upon under a nsaolntion of tlie ITuiUHi Stutes 
' 'Bodnt to Tes t Iron. 8t*^i'I, and other MvtnU, passwl April 17, IS75, direct- 
ing a det'ermi nation of "the mecliKiiical proi>erties and tif the phyflieal 
and chomie^l relations of alhiys of uupper, tin, and zine," and under the 
arrougenient of committees approved by the board, April 23, 1877, which 
a^tsigned to the committee on alloys the duty of "assuming charge of a 
seri^.s of ex))erimentB on the chara<it'eriHti<'s of alloys iinri an investiga- 
tion of the laws of combination." 

Tliia reseai-ch was conducted in the Mechanical Laboi-atory of the De- 
j>artmeut of E»gine#Jing of the Stevens Institute of Technology under 
the authorization of the Trustees, who, although withtmt jiower to as- 
sume resiKmsibility involving pecuniaiy risk, cordially gave the work 
tludr cotuiteuauce, and i)ermitt«d the use of every facility which the 
Institute afforde<l in the prosecution of the work, and, as have fhel'i-esi- 
dont and members of the Faculty, aided most eflectively wherever opjior- 
tunity offered. 

This pi-eliminary study of a wide and uuportant field will, it ia hoped, 
Iin.>ve to have been so satisfwtiirily done that a repetition of the work 
may never be refiuired, and that, in the future, research may he thus 
jirofltably confined to matters of detail in those parts of this field which 
* ' e shown to he of most pi-omisc and where investigation may be 
t certain to yield liberal returns. 

!he principal assistant and observer in this extended and extremely 

B work has l>een Mr. William Kent, without whose intelligent 

e we ehoiild have often tbund It newssary to suspend work 

rily, and should have been compelled to take a very much longer 

! for its completion, 1 cannot speak too highly of his conscientious 

I skillful work, not only at the testing-machines, but in working up 

' He is to be credited also with many valuable suggestions and 

I some of the very ingenious devices which have gi-eatly abridged 

Bwork. The committee are also indebted for similar assistance to 

L J. E. Denton, assistant in charge of the Mechanical Laboratory, to 

). P. Koezly, and to Mr. and Mrs. F. T. Thurston. The latter were 

titlttble coadjutors in the prejiai-ation of the report, and especially of 

iUnatrations. The conscientious accuracy of their work is best indi- 

i by refei'cnce to the plates which accompany this reiwrt. Mr. F. 

Iiiiraton is especially entitled to credit for essential assistance ren- 

1 iu editing this rejmrt, every page of which has passed under his 



PREFACE. 

AVith tlicir skillful aid, the endeavor has been made to carry ont the 
plan of the committee faitlifullj' and with all possible thorou|;jhnes8 and 
accuracy. 

The intention of the committee was, not to determine the character of 
chemically pure metiils, melted, cast and cooled witU special precaution, 
but to ascertain the pra<!tical vahie of commercial metals, as found iu 
the markets of the United States, merited in the way that such alloys 
are prepared in every foundery for business ]mq)oses, and cast and 
otherwise treated in every respect as the brass-founder usually handles 
his work. 'The endeavor has been to determine what is the practical 
value, to the brass-founder and to the constructor, of commercial mate- 
rials treated in the ordinary manner and without any special precaution 
or any peculiar ti'eatment. 

The investi|?ation of the effect of various kinds of tlux(»s and methods 
of fluxing and of special methods of treatment of the aUoys after cast- 
ing, is reserved for a future i*es(»arch. 

The result of this investigation has been the approxinmte determina- 
tion of the mechanical pro] Gerties of all alloys of c()])])er and tin. 

The set of diagrams representing the method of vanation of each of 
these properties with variation of comi)osition, will exhibit this result 
most satisfactorily. 

Those diagrams form a very con(?ise compendium of the whole work. 
Other diagrams are given, of whi(»h the curves exhibit the behavior of 
ever>'^ test-piece from the instant of ai)i)licati(m of the initial loiul to the 
end of the test. The fac similes of the Autogi-aphic Strain Diagrams 
obtained automatically by the use of the Autograi)lnc Recording Test- 
ing-Machine, designed by the writer, also exhibit the characteristics of 
each alloy as describiHl by itself, and give the strength, resilience, mo- 
dulus of elasticity', and homogenecmsuess of every iwrtion of every bar 
of metal made. 

In the text of the report will be found a statement of the more im- 
portant fticts determined, and the tables ai)pended contain all the results 
of observation. The whole forms a collection of fa<?ts that will probably 
repay a vastly more complete analysis and more careful study than it 
has been i>ossible to give them. 

Little more has been done than to dijtermine facts; their comparison 
and the detennination of laws and of corollaries is a still greater task, 
and months might be profitably sjient in the work. 
Very respectfully, 

K. II. TIIUK8T0X, 
Chairman of Cmnmitt^e^ 

Editor of Report. 
Mechanical Laboratory, 

Department of Enoineerinc}, 

Stevens Institute of Technology, 

Fehrnary 25, 1879. 



To the United Stutes Board appoint4id to tent Iron, Steel, and other Metals: 

Gentlemen : The undc^rsi^^ued. a Commits? ai)poiiit43d by you with 
instructions " to assume charge of a series of investigations of the cliar- 
acteristics of alloys,'' present herewitli a report upon the Copper-Tin 
Alh)ys. 

This research has been made under the dire(»tion of this Committee 
and under the direct sui)ervision of its chairman. The Committee will, 
immediately upon its comi>letion, ])resent a similar report upon the Cop- 
l>er-Zinc alloys, and a rei)ort ui)on the Triple Alloys of Copper, Tin, and 
Zinc Avill follow. The work has l)een done in the same way and under 
the same direct supervision as that on the co]>i)er-tin alloys. 

Tbe Committee take great ])k^asure in i)rosenting these reports to the 
Board. They represent the results of the first complete and systematic 
i-esearches ever m<ade upon these most important of all the alloys of use- 
ful metals. This work hius been carefully planned, and the ])lans formed 
have been completely carried out. The result has been the comjdete 
cx])loration of a broad and most important iield of which almost nothing 
was i)reviously known. Ordnance-bronze, bell-metal, and specidum- 
metal, a few gi-adesof brass and of the triple alloys, were the only alloys 
familiar to our founders and engineers. 

The whole field has now been explored and the useful alloys are 
jiroven to occupy but a limited portion of its great extent, and it has 
been now shown that a comi)aratively narrow band extending from ord- 
nance-bronze, on the one side of this triangular territory, to Muntz 
metal, on the other, contains all of the best of the generally useful 
alloys. This small ]>ortion of valuable territory having been ])ointed 
out and defined, its more minute study may be left for future investi- 
gators. 

Your Committee desire to invite especial attention to, and to ask a care- 
ful study of, the strain-diagi'ams of the copper-tin and the copper-zinc 
alloys, and a still more careful examination of the gra]ihical represent^i- 
tion of the results of the research on the copper-tin-zinc alloys, lus pre- 
senting most comi)letely and satisfactorily the characteristics of all pos- 
jsible combinations of the metals used. 
Verv resiK?ctfully, 

R. n. THURSTON, 
L. A. BEARDSLEE, 
DAVID SMITH, 
Committee on Metnllic Alloytt. 
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A TKELIMINARY EXPEKIMESTAL RKSKAUCH TPOX THI 
lilEOHAJJICAL I'ltOl'KUTIE.S OF SMALL CASTIXOS OF THB 
ALLOYS OF COri'FIt AND TVs'. 

The part of fliis rcsptiixli wbicli lias beeu tomjileted, auil of wbieli the 
results aiv Kivcn in tlic toUrtwiiijf i>»g«s, coiisi«bj of an inve»tigatian td. 
the Btreugth, liTKitilitv-rosilictitc', aiiilotb^' mechanical iu'cii>erties of thfl 
alloys of ('Oppfr iimi lin, in llic form of cast bars about 28 inches lon^ 
and 1 inch wjuHre in sifction, preiiared from the bi'stconimcmal metnlfif 
Himply ordinary precautions Ihmuk taken to sc<'nre pood castings. It 
was desired to leani, besides the jirojierticH of eii<:h i)articHlar all<)y, the 
IttWH which connected these iui>pcrties with the proportions of the com- 
ponent metals, and also "iicth.i ulloys mixed in simple pmpoilions of 
thecbetnical equivaUnf^ ot ilir cnuijiunent metuls possessed anya^lvtuir 
tages over other mixliireN. it \\ii^ icMPi-ved for a subsequent research 
to determine the etfecT ol' vmious iiu'lhods of casting, of rapid or sloW 
cooling, of casting inidei' pressure, of using special iluxes, and of thv 
effects of rolling and hammmng. 

Two series of these alloys were matle, the first consisting of twenlg^ 
nine liars, of which twenty-three were mixtures of the luetals in atondci 
proportJons, four were mixtures made without regard to the atomic pro<> 
imr^ons, and the reuiaiuing two were a bar of cupper aud a bar of tii^ 
each without admixture. 

The second series comprised twenty bars, ranging from 07J per cent> 
copper and 2i ])er cent, tin to 97J tin and 2i copjwr, with a regular dj£ 
ference of composition between consecutive bars of 5 per cent. In ad- 
dition to theee alloys a f't-w other bant of cast eoppei- wt-re made aud ona 
of cast tin. 

After tlie bai-s were prcpaifnl they wpre tested first by transverw 
stress iu the maimer hereinafter deseribetl. The pieces remaiiiing froa 
the transverse tests were then turueil into proiier shape and tested b; 
tensile stress. The ends of the tensile-test pieces were then tested b; 
torsion. In general, each bar sufficed for one transverse, two tetuola^ 
and four tprsional tests, and in some cases compression-test pieces were 
made, aa described hei-eafter. The turnings made iu shaping the teuaili 
test si>ecimeus were carefully saved tV)r cheniical analysis. Small piect 
from each tensile sjiecimen were saved for the determination of th 
filiecific gni\ity. 

FLRflT SERIES — COl'PEE AND TIU ALLOYS. 

Till' nii'lals used iu pre^jaring the first series of copper and tin alloytt 
were iiriM'unii fniin nspiiiisiljle dealers, and reported by Iheni to be thp, 
purest c"i(ii]i(-ic-i;il iru-ials i)i market. The weighing was njade with' 
great caic in tin' ]'li\.sifal J.aboratoiy of the Stevens Inwtiiutc uf Tech- 
nology, on a b.i:laij(-c luadt; by Messrs. Saxtou aud Baehe for the Uoite^ 
States Bui'cau of ^^'eights and Measures. TIte metal weighed out fiN 
each bar was 4.5 kilogrammes (about 9.92 pounds), aud the weighing vtk 
made iu all cases to within one-tenth of a gramme, the balance behi] 
seusitive to a vei:y much smaller weight. The eiTor in weighing was lee 
ttian jTnhnr of the whole. 

A similar balance was exhibited by the Bureau of AVeights and Mea8- 
ures of the United StJites Treasury Department at the I'aris Exposi- 
tion of ISliT, and is stated in Pi'uf. F. A. P. Barnard's rejiort to have 



TESTS OP METALS. 



295 



T>eoii sensitive to ^oiJooooo ^^ ^^^^ wei^lit in each scale, ainl to have 
receivwl the liigliest praise from eminent Freneli antliorities.* 

The following table gives the composition of the aUoys of the tirst 
series jicwmling to their atomic proportions and i)ercentafj:es of original 
mixture, ami also according to cliemical analysis made after the tests. 



Table I. — Alloys of Copper and Tin. — First Series. 



Composition hy Original Mirtiire and Analysis, 



Atomic propor- 
tion. 



Percent-iige by 
ori)i:inaI iiiix- 
tuie. 



Number. 
1 


Co. 

1 
96 
48 
24 


1 
Sn. 




8 


1 


3 


1 


4 


1 


5 




6 


12 


1 


7 


..... ..1 


8 


G 


1 1 


9 




10 


4 


1 


11 


18 


3 
12 
2 
12 
3 
4 
6 
1 
.1 
3 
1 
1 
1 
1 
1 
1 
1 



1 


13 


5 ■ 


14 


1 
7 
2 


15 


le 


17 


3 > 


la 


5 


19 


1 

4 

5 

2 

3 

4 

5 

12 

4« 

96 

1 


90 


SI 


Si 


23 


S4 


S5 


96 


87 


88 


99 





Cii. 



100 
98.1 
9«.27 
92. HO 
90.00 
86 57 
80.00 
76.32 
70.00 
68.25 
65. 00 
61.71 
56.32 
51.80 
47.95 
44. 63 
41.74 
39.00 
34. 95 
28.72 
24.38 
21.18 
15.19 
11.84 
9.70 
4.29 
1.11 
0. 557 




Sd. 





1.9 
3.73 
7.20 
10.00 
13.43 
20.00 
23.68 
30.00 
31.75 
35. 00 
38.29 
4.3. 68 
48.20 
52.05 
55. 37 
58.26 
60.80 
65.05 
71.28 
75.62 
78.82 
84.81 
8a 16 
90.30 
95.71 
98.89 
99.443 
100 



Mean percent- 
fljjo ny a °" 



Co. 



Sn. 



97.89 


1 1.90 


96.06 


3.76 


1 92.11 


7.80 


90. i.»7 


9.58 


87.15 


12.73 


80.95 


ia84 


I 76.64 


23.24 


69.84 


29.89 


68. .58 


31.26 


65.34 


34.4? 


62.31 


37.35 


56.70 


43 17 


51. 62 


4a 09 


47.61 


52.14 


44. .52 


.55. 28 


42.38 


57.30 


38.37 


6L32 


34.22 


65. 80 


2.5.85 


73.80 


23.35 


76.29 I 


20.25 


79.63 


15.08 


84.62 


11.49 


88.47 


a 57 


91.39 


3.72 


96.31 


0.74 


99. n« 


0.32 


99.46 







o 
■ > 



a 4-7 
a5(.4 
a 649 

8.694 
a 669 
a 681 
a 740 
a 565 

a.Q32 

a 938 
a 947 
a 970 
a 682 
a 560 
a 443 

a 312 

a 302 

a 189 
a 013 

7.948 
7.835 
7.770 
7.657 
7.552 
7.487 
7.360 
7.305 
7.29» 
7.29:« 



Analyses of the ingot metal used in these alloys were made, with the 
following results : 



Hetalliclron 

H eUllio slno : 

MetiUHc dlTer 

H •telHe ftrtenio 

MetelHe antimony , 

HetaDic cobalt 

MetalHo bismuth 

HetalUo nickel 

Metallic lead 

If etallio manganeee 

Metallic molybdenum 

MetaUo tungsten 

Metallic eopper 

MetalUctin 

Saboiide of copper 

Carbon 

Mattw insolable in aquu regia 



Ingot Lake 
SapcHor 
Copper. 



0.0t3 
none 
0.014 
none 
none 

none 

trace 



99. 420. 
none 
0.537 
0.041 



100.025 



Ingot Banc 
Tin. 



0. 0.15 
none 

none 
none 

none 

none 

none 

none 
99.978 



tra'e 



InfTot 

Qaof'nsland 

Tin. 



100. 013 



0.035 
none 

trace 
none 
none 
none 
none 
0.165 
0.006 
none 
none 
none 
99.794 



100.00 



• Uuited States Reports on Paris Exposition, Vol. Ill, p. 4t'5. 
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All the ban* were nmde in tlip Ijnisn foundry nf tin- Mecbnoicat 
Laboratory of the Htuvens Institute of Technology, by an experienced 
braHM fouiidei-, but consitltirable difficulty was met with in the caaes of 
many of them in conNequeut^e of the variable and unusual proportions 
in miitwres a^lopted which necennitated diflt'itnt methods of treatinent. 
Sevei-.il bars bad t«» be recast one or more times to secnre even fairly gooA 
liastingK. 

The cnicibloH nftet\ were made of a comjmsition of plumbago and fiw*- 
clay. Tbey wei'e t>j iiielies in height au<l i^ inches largest diameter, 
ioHtde measnremcnts. The fnrna<'e was an ordiuaiy bi'aHS founder's 
fimiiH'e, fiiniishid witli a. stnmj,' iliininey draught. The fuel used v 
anthrariic- rdiil. [i> iiiixiiiK. lin- fdiiiicr wan first melted and tbe tin 
added in tlic solid Mittc. in sriiiill |iiirtioTis at a time, and the inixtim 
thon.nyhlv slinvd willi :i di\ v hu liitli. 

Tlic lirst ijistiii^'s w.'ir rii;idc in drv sjiiid rruilds, but j<o inm-li trouble 
was ;;iv.-n bv in.-iiliir surl-iccs jiliI bl,.«li.i!rs rlhit ivc.iirs.. wiis Iiad to 
a cij.st ij'<.ii ini.ld. wliirli -■:rv(- bctU-r rrsidls. Whcrj tlir iii.'tiil was j.oured 
attc». li.wa l.-iiiprr.ttiLiT int.- t!ic •■'M iii.ild it w^.s soiiirtim.'s sli;ihtlv 
chill.-d, nivin- Mil irn-iLl;i!' surf-.H-i.: This wiis iviurdje,! I.v h<-M'u\^ the 
mold t.J ;l trlM|u.i;lIlllv s..lli<>wli;it l.cl.pw tin' lin^lliliM- |».iiit of tllr illlov, 
the bitflii-st tcMi|irnitiir.- In'intr frivcn it in caslin;; idl'-ys (-oiit;iiiiing the 
largest pcrc^-utagfs of popjuT, in all caHcs the mold was ]da<'e(i in fl 
vertical position while the metal was being ponred and cooled. Tha 
following if* a statement of the method of mating of ejich of the twenty^ 
nine bars. 

?fo. 1. All copper. C'ast twice in dry sand mold. Bar l)roke in mid- 
dle eaoh time (probably by shrinliage). Cast in cold iron ujold — snrlkoe 
nnoven. Cast in hot irou mold — good. 

No, 2. 97.89 eoj»i>er, 1.90 tin. Cast in dry sand — gtKHl. 

No. 3. 96,08 coiii)er, 3.76 tin. Cast in cold iron mold — spongy appeal^ 
irnce on surface. Ket-ast in hot ii-on mold — surface somewhat streaked 
and irregular. 

In cold iron mold — aniface bad. Re- 



in hot iron mold — good. 

In dry sand — gowl. 

In drj' sand — bad surface. 

In dry sand — good. 

In dry sand — goiid. Vi r; 



No. 4. 92.11 copiM-r, 7.80 tin. 
cast in hot iron mold — gofwl. 

No. 5. 90.:'7 copper, 9.58 tin. 

No. fl. 87.15 copjwr, 1L'.7:J tin. 

No. 7. 80.95 copjier, 18.»4 tin. 
hot iron mold — good. 

No. 8. 76.6i copper, 2:1.34 tin. 

No. 9. «9.84 copper, 29.89 tin. 
brittle, and broke in handling. Recajit ii 

No. 10. 68.58 copper, .■?1.26 tin. In hot 

No. 11. e5.;M copper, 34.47 tin. In hot 

No. 12. 63.31 copper, 37.35 tin. In hot iron mold— g.HMl. Broke in 
taking out of niokl. Iteeast three times before getting a giK>d i-asting. 

No. 13. 36.70 copper, 43.17 tin. In hot ii-on mold— good. Broke in 
handling. Itecast twice, breaking ea«h time in the mold. Foiuth 0881- 
ing good. 

No. 14. 51.fi5 eopiier, 48.09 tin. In hot iron mold — good. Broke in 
handling, leaAing piece 19 inches long sntfit^ient for test. 

No. 15. 47.61 copper, 52.14 tin; to No. 23. 1.5.08 copper, 84.62 tin, tn< 
elusive. In hot irou molds — fli-st cjistings good. 

No. 24. 11.49 copper, 88.47 tin. In hot iron mohl. Bottom of mold 
not well stoppered, and part of rnetnl ran out. HocJist — good. 

No. 25. 8.57 copper, 91.39 tin. lu hot iron mold. Ran out of bottom 
of mold, Kecast — good. 
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I Uo. 2«. 3.72 copiwi", ftfi..'51 tin. 
I So. 27. 0.74 covpor, fl!).()2 Hii. 
No. 28. 0.32 coiiitir, m. Ml tin. 
!o. 2ft. All tin. Ill 
X)D iiioltl witli 1iki' 
itrinkagc. K«s-iisr ki'm -nil tiiix 



III lint iron mold — gooii. 
In lint iimi iiiiilil — good. 
mil luiild — good. 
I'iiii- ii Lvsjiilivf. Recant in cold 
I tiiiilii l.iiike, apiiarently by 
tiiiiil l>i't'i)ri> ;:<^ttiiig a gooil bar. 
AAdTiiiMting, ttif hunt were tinislit'd toil ivrtangiilar s(M.-tiuQ by cliip- 
rpjng ami liliTig, and the more brittk- bitr» l>.v gi-iiidiug witb au eiiievy- 
I wheel. 

EXTEBXAI. APPBAHASfK OF THE UARB. 

Mucli «>idd W learned liiim the apiHyimnw of the biws after caHting, 
botli of their (iropeitie-s and of their pn)lndil*i beliavior undur test. The 
diowing weif fhariwteristie featiii-e* : 

(1) A wpidHr gnulatiun in color took pliK'e from bar Xo. 1, all copiier, 
1W5 to So. «, 7ti,W coivper, 2:J.2-t tin, the polinhed wirfa*'* of wlii<':h lat- 
vns light trolden yellow. Tliere wan » regular gnulatit»n in hani- 
iiese, the No. S hein;; til.-d with ;freut ditticidty. 

C!) A Middi-11 i'li:iii}.'<' i>r (-<il<ii' :iii<l of nil |>ro]ii'i't.ie(i took plaoo at bar 
ft — iiil..'S4 rii|'in'i-, L'li.S!! tin. This li:ir was sdviT white in rolor, and 
»(» hnnl tli:iT Ir [•■mid iii>i Ix' toiirliiil with a tile. Pieces bi-oken oft' 
ir niiK'hoidal I'nictui-e. No. 10 — 08.38 uoppei-, 
fly similar to Xo. II, and No. 11— fi5.:t4 copper, 



bot 



p' 



,47 tin- 



lit I 






!) Aii.itinr rhiLiiyi' t.f .i.t.ir and profwrtieM at No. 12 — t'>2M copper, 

■iTt tin — wliiili bar was of a dark hliiiuh gniy ciili.r, iiinl tin- fiacliire 

iiewhiit sirniliir to that of a piw* of granite DriiMiir iiiiril n«k. Thin 

si dense alloy of tlic series, an shown in tlie t;i!ik' nl s|iei-ilii' 

■avities. No, IS — ."ilS.TO copiwr, 4.'1.17 tin — was similai' to No. 12, bwt 
,t«r in cohff and a little softer. 

"(41 Bar No, 14 — 51.02 copiicr, 4S.0fl tin — wan pecidiar in showing a 

lanced diffi'ivnue of eolor and of other proi>ei-IieH in the two ends of 
\be bur. The iip[H>r end wa« precisely liko bar No. 12, while the bottom 
M-rts of a iiiin-li lighter colnr, granular fractnn', and was so soft that it 
«^>nld lie lilt Willi a knife like a piece of chalk or soapstoue. 

ift) A change of properties between bars No. 14 iind No. 20 — 2r>.K.'i 
eopper, 7.3.80 tin — (x-eurred gradually, the bars l>ecoiiiiiit; wliiter and 
Mifter, and the app<-anince of fraetnre changing ti'uiii n'liyli iiml stony- 
like to crystalline or gi-anidar. No. 20 could be cut wilh a liiiite, Kivinc 
a short chip which had slight cohesion. Fmni No. 20 tn Nn, 2ii (nil tin) 
the aoftnesB increaae<l gradnallj'. No. 21 giving a mallcjdile <'hip on being 
riit. Fnmi No. 24 to No. 29 the appearance of all the bars was very 
iniieh the siime, differing slightly in hardness, and scarcely at all in 
color. 

From these :i|ii>eiiiii rices it would ha veatoncelieencon.icctui'ed that bars 
N«. 1 to No. H wi'ii' ilKcinly ones likely to prove of value where sti-ength 
wan re juinvl, and that bars So. 9 to No. 18, inchisive, were deficient in 
.Iiictility iiH w.'Il as in strength, and for all in-actical pun'O!**"* (except, 
|n'rhaps. thi' i-xtif-mely liniitiMl use for special puriHises, iia siiecnlum 
iiiftnl) iilwiiliiicly worthless. 

Nearly all of the burs appeared to be giMid castings, except the follow- 
ing: No. !,an(-oi.iH'r. had scvi-ial bhnv-liol.-s in Hie i!i.i)er siirfavcchieliy 
;it the Upper eml; N... J— itT.S'.i <-c.i.|.r[-. I. '.ill tin— had a Inrm- .-ii\ it\ in tlu^ 
JHtftom end of the bar. ahmtt 2 inches Iniiir and vaiviii;: lV"in ^ In i inch 
rit diameter; No. 21— 2:!.:!r> coi.iiit. T0.21> tin— liad a blowhole or cavity 
.■\(ending the whole Iciifjth of the bar, cvccjit ."> inches of the upper end. 
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Its fiiaratittT was attvrwaitl found to vary from J iimli to iifHrly j iucli in 1 
ilifieifut itartii of tlie l>iir. Thirt M'as h jK^iiIiai' ctme, and tiotbing iftsetu* 
Wing it w«s met with in Imrs of tliffereiit fomjMJsitioiw. 



'IWts of til.- tli> 
rdtrlits nil an ii|>|. 



TRANSVKRaE TESTS. 

ivn by transverse sti-c'ss 
n Ixiilt fcirthcgnii'iiosc. !i 



w.To mild.- with di-ail 
ikct<-lHil*wliu'li lsnIiowii . 




A A, aif twn vertical j>iercs 
Two tiat steel jilates ajv fiistc 
their iipjier »iirliu:es iiiinU' pi' 
inelieH in diameter, refit oil tin 
U. The weitrlitH aiv ]>la.'i'.l 
Biandi^'l i-estiny i»n tlie iiiipn 
with the weights and iiLiin.in 
tial pnlley. lu lowering', i 



,f timber firmly Imiced to base yieees H B. 
I'll iiii the t(>|i III' the \eriLi-iil timbera and 
lei-tl> l.-vel. Twi. si,-el niaiLdrels, f r, l^- 
<e lil;itr,-i and sMiijHiit the liar to be tested, 
■11 llie tra.v IC, wliii-h iiaiLS'* from a third 
eil-e .it till' hiir at its ci-iiter. The ti-ay, 
. iLiav all be niiseil at oLiei.' bv a differen- 
iised till the mandrel nearly 



tuuclies the bar, when the tiirubinkle F in employed to complete the 
operation f^^railnally and without slioek. 

lu testing the bars by means of tliis ai>paratns, flue lines were scored 
on ea«h bar to indi<»ite the position of the center and of the points of 
support. The latter were 22 inehee apart and e<iuidistant from the cen- 
ter. The nnindrels, c c, were then pltiwHl on the flat steel plates, and 
held at the distance of 32 inches apart iHstween centers, by calip^ 
made for the purpose, and the bar placed on the mandrels, with uie 
lines marked for the points of support directly above the {.■eulcra of th« 
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naodreld. TIiih tray mid itn attHolimciits weigliiii^ 35 {Miitods, all 
wpightfi less tliaii thin in anioiiut were liuiig directly on the center ol' the 
bar by means of a liin)k bearing nn its npper surface. When the tray 
vraa used it was lowered veiy gradually by means of the differential pul- 
ley and the tiirubiickle, and additional weights placed on the bottom of 
the ttay, cai-e being taken to keep the center of gi-avity of tray and 

, weights always as ncaily as jiossiblc dii-ectly under the eenter of thi^ 

(bar. 

The defieetious and nets produced by the applied loiuls weri' iitcaMi 

Illy means of a Sallei'on's rathetometer, whieli gave 

■Teadings to Jftb of a millimeter, oi- T-rrot'* "f an 

■ iiieh. TIiit« nistniment is ^howu ui tW uccouipa- 

I lining rut. 

Tlie observations were made by u()ting through 
(he tj'K'st'oju' ii line dot made on a piet^e of white 
pui>er ;;lucd to the center of the bar. The eross- 
haii-H of the telewflpe were caused to bise<'t tliis 
(lot, and the enT>r of observation was not larger 

^tlian oue divisioa of the vemiei'. 

Tht) tables of results seem to indicate that the 
ttumof alt errors of obaei-vati on and of the instru- 
nent might sometimes i>eaeh as high as -^th of a 

' mUlimeter when reading sets, but was always less 
than this wheii reading deflections. 

While raising and lowering the weights to take 

kreadings of sets, the harwas prevented iroui roll- 

Tjng on the mandi'els by two small pins, which 
irero held by brackets on the upright tiitibers of 

Vtbo appanitus, and just brought in coiitiict with 

leach end of the bar. The slightest change of 

I position could at once be dete<rted by the observer 

I at the telescope of the cathetometer. 

Complete tiiblcH of the results of these tests are f -S 
•ppentled. A etuulensed summary of results is ^ 
given below, In these appended tables are given 
tlie results of every test that was made. In tables 

* giving summaiies and averages of results, and in 
imrves and in dediu^tions made from them, all tests which are oousid- 
ervd unsatisfiietcry by reason of imperfections in the piece tested or 
other causes are reje<'te(l, and only those tests which were made with 

Mouitd test specimens are i-etained. 
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NO'fEB oy THE TESTS BY TKANSVEBSE STBEB8. 

Bai' So, 1. all copper, proving t«i be a bad sample of vast rjopper. 
auothor bar was niatlc, So. 30, wliii'h gave iniicb better resultH, Th« 
great iliffi?rt-nci's in the \wha\-itir of these two Ijars will bo rpferred to at 
Honie leiigtli ftirtber on. 

In the appemlcil tiilili's, in ibi' coliiriin iiea<U-<1 •' Iioad," the figures 
represent the wci;,'lits iijiiilii-il (.> tiir Imc. 

Tlie formula i'>'i' ili'llcrtimi i>t" Inn;,' luirs tt-Hted by tcan8ver«e stress. 
K-itfaiu the elawtic liiriil, is ^'ivin by writei-aon imHtaiico of materials an 






.W 



P 
4 E (. «/»' 



wtiere d is the defievtioD, P the api)lied load, W the weight of the tuir 
between supports, E tLe coeflii'ient (or, as );euerully tinned, the uioilu- 
lus) of elastieity,* I, b, and d the length betweeu supports, breadth and 
deptji of the bar. As the weight of the bar between tiupiwrtA iu these 
texts was &om 6 to 7 pounds, 4 liouuds uiay l>e substitutt^d for £1 ^^^ and 
the formula Iweomes — 



n 

= iTJ^d■ 



3{V + i piimidM), 



E = 



4 A /» (/ 



(P + 4 ]K))inds), 



from whieli littter fonnnia the nKnluli of elasticity given in the tablefi of 
tests of eavii bar were calculated. 

It will Ite ob8eT\-ed in these last tables that in many of them, especially 
n tests of the stronger metals, tUu modnl us of elasticity iuereaseA slightly 

* The DiodiililH of ulnfllicity ia a vahw wliioli «S|irp»wi>s tlio relatiim Ixttween the ui;- 
tMui<m, I'ainiHTBMliin, nr iitlu<r <lpfiiiiuii.tii>u nt u Ina^ und the fi)n'« wblcli prudncca Ibe 
d«fonnntinii. In hiusilR struw it ia the hind ptr unit nf seiitionel nriMt ilividMl by tiic 
Mttetuinu I"'r unit nf IciiKtti. In troiiBVi-ntp tfsta it is ulitaiiiuil n-nm tb« formula ^ven 
ftbove. Thu viklne nf E fuiiuil by tmtd by touBilu stnwt ia wid to l>r tb<' wuiie as rhat 
obtoannd by tmnsvonn twtn of lou^ bam. Tho foniiula given nbi)vc for di'Hii'tioii »r 
* a tcHtdd by tnninvi'rBP hHi'sh, vix: 



' ilimMlv ax till- U'uil. ' Thi' 

*<l)is- 



n wliioh E, i« rlin connirlont of elsHtjr rcHiMtann' to Hlit>ariiij 

In Ihn t^wtn berrin <lr4<ifrilH-iI, /, in tciiiii'ntl, in 83 ii 
ineh. Thp fnnniiU tlicn n^dU('B)l u)ipruxiuiHt«ly to 

_ urns p sa P 



■IllL'. 



h iH iinly [Vm of tbp flrat tcrin nf the apeotiA mnnilier of the nganti'iii, 
to BhenriiiJt may tbeivfore he u^jjipcted in calciilutinic the inudnliiH 
tifrcMn traiiHVprHi' tcxt^ of liiiix '22 inrhcK hiuw, iv^ the error thurebyiiitrmliii't' 
<i't«Dtii nf I per feut. Tlie I'rrur i.s iiiiii-li Inrger, liowever, with nbtittei 
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at the begiiiiiiiig of the test, tlien i-emniiis Lpni-ly ((mstiiiit tor a e«:i-tairv 
<UatAnc«, or slowly appnmches n iiiiixiiiiiiui; iinil tlii-n, at firat slowly 
and afterward veiy rapiiUy, decreases In tin' iMCittviiitr piiiin. Tliis 
reejioDds with wliat is shown in the plottfd cniv .iiiirtlc'timis. viz, the 
beghiiiinp of the curve sometimes shows ii sli^'ht nuAaiurv I'lnivrx |o the 
axis of absciHsa^, then a. stmight line sli(:htl,\ iiK-liiicil IVniii tlit- vertical. 
The inclination from the vertical then inci-eaaes, at firat aluwly and att«r-, 
ward more rapidly, till the cuive takes a more nearly hort?.ontal direc- 
tion. 

In the tahle given above, the fi(riires in the eolmnn headed '■ MiHliidia 
of elasticity" arc those which are (Mtnsidercd the most jit-olmlilt' nioiluli 
within the eliwtic lunit, or which most nearly represent Ihc ri-lation 
between the Htivssoa and the distortions within that liirnt. In moHt 
cAses the miiximum modulus pven in the tables of teata of each bar ia 
selected, unless the deflection coiTesponding t« the maximum is so email 
a qnaiitily as to render the probable Brii»r of the observatitm a large 
jiortion of tlio apparent deflection. 

lu a few instAucea the appai-cnl uindnbis at the I^eginuing of the test 
ia much smaller than it soon ]ifti-['\\aid hcciuiies ; and this indicates » 
possible error of the observations at lliis jiait of the teat. The moduli 
of these bars, given in the al.>o\c table, arc therefore determined by 
rejecting the dellet^tions at the beginning of the teat, and taking tbe 
ratio of distortion to stroita at a [witit where thia ratio becomes aennibl^ 
constant. 

In the column headed "ModiUus of eliisticity," the figures of deflec- 
tions and loads corresponding to the assumed moat probable moduli are 
given. The teats in which the first portion was reject<^l in obtainiDg 
Sie modulus are indicated in the flgnrea of load by gi\ing the limits 
between which the mo<lulua is taken. 

The raoilulus of rupture' is found from the formula 



a I 



(p+>0 



where P i« the applied load causing fracture, W the weight of the bar 
between the supports, and /, b, and d length, breadth, and deptb as 
l>efore. 
Siibstitnting an api>n>simate value for the weight ol' the bar, we have 



where P ia the applied load. 
■Them. 



"'^jiC^+O 



f iv|M)ii a 



ftiirp in deliiuMl bv Hoine wriWin iiH "ths strain ill IbcinitftDt of 
tlie section which in most ri-iiinle fWini Iht' neutral axw on Ute 
■i^c whiul'i Itrst nii)tiin«" (Wood's KeMintAnce of Mat^rialH, ii iidtl.. 1S75. p. 79] 

is Qged hen- im a means of poniiiarinK the tranHvi^rHt> utrrngth i>f liaw of dlff 

breodthii anil lii'iiths. Mil- strvnittii of bare ttvtted by t^a^(^^■e^B^■ stnwH varyitiK dlraetljr 
■B the load, diiivtly as thf length, und iovemely lui the breadth and the nqitart* of tlw 
4e[ith| nr in now'S of liarH Hupgiorti-il at iHith endw and liiaded in thi' niiildle. as pxpwiud 
in the fomiitln 



la othiT words, the nindiiliw -if i-n|iture i« n viilu.- i 
TprSB Klreaglh of a Imr, and in Iheoreliraliy erinivi 
Toad which would lireak a bar oni- nnit in length, ii 
■t tmth «niU and loaded in tlie middle. 
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^ Tlie muiv ductile burs, 
Fbreiikiug. Tin- cornel in 

foiildnut be ili-tiTiiiiiii'il, n 
of Ijciidiii;: an rqiiivali-iit 
This Wiis tiik.-ii ivt ii .Icllfi 
iticlii-s, >iimI tin' muhIiiIiis.i 



i! it \v;i 



n ill lli«> tables of test^, beul M'ithoiit 
of Diptiii-e ill those tastis, tlierc.fiiro, 
iH iw-cossary hi a«suui(> a given auiutuit 
kiiip tlie bar or roiideriitg it uselpfls. 
lii]*^ tlie load n»8t«d on tlie bar) of 3J 
If in L-jdi-(ilat4'd fi-oni the l»a<i i-aiisiug 
tbifi iiiii\imnrii (ii-H.Tti.Hi, u-^ ;ittiiiili]i(i a iiifiiiiH of coiiiimniig llu' tTaiis- 
vi-rst- s(ri.-iit;lli.- «t' ;iil Dir liurlilr bars wbit-h wi-i-€> t<*st«'d. 

Tin- biiiit i>l'i-la.stji'itv l> !:iki'ii lo Ih< tlie l>oiiit at wliii.-h tlie dotlei-tions 
lifgin (usually suilili-uiV) t<i iiK-ifasc in a git-ater ratio thau the applied 
Iliads, :tnd in t)ii' pbitltMl iiurves uf dellcotioURitis the point at wliirli the 
tiir\-G bc;;ins to div<Tj;i- from its origiitiil and nearly vt'rti<:al direction 
and bf^-oines ni:arl^ linrizuiital. 

This |»oint is not always dejirly defined, and it is diffieult to fix it« 
4'sact position. 

The limit of elasticity coincides in some, though Dot ui all, canes with 
tin: lirst observed si^t or iwiiil at which the hai undei test exhibits a 
detlectiiiii sif't<'r the loatl is i-emoveil. 

The i»oint i(f " first appreciable set" given in the table'^ is taken as a 
Kt'i of O.OI inrli, wliieh is lui amount much Iwjond the limits of emir 
of observatioij. 

For the i»uii>o(*e of comparing the re«iHtaiices of the different bars to 
Htress at the elastic limit and at the tlr«t appreciable set, with their re- 
t4istauc«s at the ixiints of timd riiptiu'e, values of 



e taken, in which \\ 
r to appreciable set. 



t'oiresiionding to the limit of elasticity 



HF.HAVIOR OF THE HARK INDER STRESS. 



I 

^■f a glance at the table of results given above shows that from bar No. 

^^B {all copl»er) ta bar No. 7 — 80,05 copper, 18,84 tin — inclusive, there van 

W^ gradual increase of strength, e.'ccept in the cases of bars No, 3 (!>7,8fi 

■ copper, IMO tin) and No. (87.10 cop^ier, 12.73 tin), which were defective. 

Bars No. 2 to No. 5 (1,00 tin t« 9.58 tin) showed great dm fility ;is well 

as strength, as deflections exceeding ij inches were givt-ii them w itlnmt 

breaking. Bar No, 1 (all copper) broke after a deflectioit of L'.:t(M; iiK'hes. 

while bar No, IV). also copper, bent (as shown in the ajipeudix) t<» alnmt 

8 inches liefore breaking, showing a marked diffei'euce in ductility as 

well a* in strength. Tliis was ilue pmbably to oxidation of the cojiper in 

bar No, 1 by repeated melting and casting. • 

Bar No. 7 (8t).n5 cojiper, 18.84 tin), the strongest of the series, showed 
comparativeh- little ductility, breaking after a detiection of little over 
half an inch. From No, 8 to No, U (23.24 to 43,17 tin) inclusive, there 
iH a regular and ver>' rapid decrease Iwth in strength and ductility, the 
latter being tlie weakest bar of the series, showing only about ^th of 
tbB strength of No, 7 and a detletition of only 0.0103 inch. As before 
stated, this bar gave great trouble in casting by breaking in the mold. 
Bar No. fl (fifl.84 copper, 29,89 tin) which, in ap|)earance, also dirtfered 
remarkably from No, 8 (70.64 copiter, 23.24 tin), had less than | of its 
utrength and less than ^ of the strength of No, 7, which latter differed 
odIv 10 per cent. &om it in composition by original mixture or 11 |>er 
lent by aiialysis. Bars No, 14 to No. 20 (48,09 to 73.80 tin) uK^liisive, show 
I Bomewliat ii'regnlar variation in strength and ductility, but all of them 
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arii worttilesH as regards either of these qualities, tliti \ient having oulj 
iiboiit ^th of the strength of the maximum, nitil a dettcetion of uitly 0.121 
inch before hi'eakiiig. Bar No. 21 ('23.3.'i wpiicr, 70.2it tin) wbowB con- 
siderably greater streiigtli and ductility than an.\- of tlie seritw betveeit 
No. 8 and No. 2(), and greater strength than an,\' limn No. 8 to No. 29 
(all tin), thus giving vhat may be ealleil a seinud niiixiuium point of 
strength in the scnes. Tliis bar ha<l a cavity extending throughout 
ncarlv if« whole length. 

Noi 21 to No. 24 f7(>.2!» to H8.47 tin) lia\-y mncli higher strength tban 
those abo\'e and below ttieni in series, shciwing that the setiond niaximaof 
point of stivngth is approached by bat's having a ditlerence of over M 
!««■ c*nt. in composition. From No. 25 to No. 2!) (ill..'Ji» to 100 tin) tbsM^ 
is a BomcH'liat irreguliir decrease of strength but a very gi'eiit increMH 
of ductility, bsir N". 29 (all tin) showing the maximum ductility of the 
series mill a secoiul iiiiiiiiniitii of st.rtMlgth. Hars Nn. 2U in No. 29 inolo- 
sivp I'viil \vit]i"iit lm-iikint;.iis did those t^-om No. 2 tii No. mi.!K)t«12.ti 
tin), ill the (ilhiT eiiil iif the series. 

With ivfiT.-111-e tr. Ill-' lelal ion of the (-l;islir limit ti. the tiltiliiate tranii- 
verse iv^isl:iiir,'. il will !-.■ ,-ceii tliiil from l.;ir N... 1 li. N.., 7 itieliisive the 
claj*lie liiiiil ■iri'uneii ;it I'niiii .Ti tn Im )ii*i ee]il. nf tin' iiltimale itssisl- 
anc*. At N'li. S tlie litiiit of ehisticity iipin'Oiiclinl mvirly ifiii.l quite the 
ultimate- resist atie^'; and from No. tt to No. IH (2!t..s;i to lil.;!2 tin) iuclu- 
sive the two mincided, 1. r., the eUmtic limit was nut liinheil till ihe bar 
broke. From No. 1» (;f4.22 i-op|iei', H'iM tin) to tin- nid of th.' series (nil 
tin) the elastic limit was again reached Iwfore f'nieiiiLv, the ratio de- 
orc:ii4ing to No. 22 (2(),2.'> eop]i«r, 7!l.(i;i tin), iuiil tlim i'eni;iiriiiig appr«:' 
ably constant at ft-om 20 to .10 i>er cent, (o llie end .if tlic s^'Hes. 

By this table, therefore, the relation wiiii;ii ilie i'otiL|'"siiii»u Iwai's t 
the nieelmuieal properties of sti-eugth, durtility, and elastic ifsistaiice i 
dettned with tolei-.ihle exa^tnetus. 

It is sc'i'ii ili;i1 hai's from No. 1 to No. 8, inclusive, have eonsiderat^e 
stj'e.nKtli, ami lliat all the rest are practically worthless for nil purpOSM 
where sti'eugth is I'equii'eil. Thf dividin;;' lim> between the strong ami 
the brittle alloys is precisely that '.it wliieli iln-eiiloii-liiiii;;es iVoni fioldeii 
yellow to silver white^ viz., at n eoiLi|"isiiinii eoiiiaioiiL^ tu-twn-ii 24 and 
30 per cent, of tin; alloys nontaiiiiiit; niorerliim 24 piiii nt. tin areeom-- 
paratively valueless. ' 

Refejring to Tables , which ai-e apjieiidi^l, a short a<!rouut of t^ 

behavior of each bar will now be given. 

Bar No. 1 (eaftt copper). — Weightjs werea]i]>Iied, one pound at a ttnWj 
until 7 pounds were renclied (11 poiiii.ls. itieliidii.g the i-ftective weight 
of the Itar), when the tiist itede.'ti.ai was oliseiv,-d, 0.IK14 iiL.li. Tb« 
load was then im-n-a.si-d ."i or 10 poiniils at a tiim- nntil HM) |»imids were 
reached; after ciu^h iiicrea*se and the reading: of the eorresjioiidiiig deRee- 
tion, the lotul was alt removed and a reading' of the si-t taken. AtYer 
100 ^Ktunds each increase was made ^.'i poutiiN, n-jaov in;; the load and 
reaiilng the set each time after reatiing the defleetion. A set ol' O.IH)16 
iuch was ob8erve<l when the loa<l of 12 jioiukIs was leiiiovcd, but na 
readings of sets up to 225 pounds were irregidar and ne\er exeeetle<I 
0.007 inch, these rea<lings may be emjneons, the einu' lieiii;,' dne to a 
combination of sever-al causes, viz., personal errors of oliservaliou of the 
biswtioii of the eross-hails in (he leh-seope ..f the dot ol.scrve.l by it, 
and ol" the ivadiny of lli,. \eiiiier; slij;lil lateral sliilt int: of tile bar on 
the rollers, and a sli-hl loiiiiaessioii ol the skin ..rilie )iaral riieiiointa 
which toii.-hed til.' rollris. The lil'sl flilvi- elTois n;nue<l w.-nhl UOt 
amount to morn tlian O.IMU inch eudi, and might either increase or de- 
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CTVose tJi(> ivmliii^. Tlie hi^t wuiild iicl unl.v U> iiu-ivAnc. the reading, 
anti woiilil vtirv in niiKirnil Mitii rljc i-omliiioii nf t)ii' fiiii-t'iU-t> re^tiuf; oii 
the n»llf !■«. tin- i-imikIu'I" llif siutin'i- tlje trrfiilfi- tlif umimut of <(iiii|m'!*s- 

ioii l>v T)m' nillrrs. Tliis <-it<>I' M U,- .'liuiiniit.Ml .tiilv h\ t,.>li>liii<<; llic 

Wr!.iir iIm- ]>»iuts»]M<'li n-slHloiL rlii- i-i>li<'i> mill mkiii- all |>iri".»ili.>iiH 

l« ilisnn. ;i |...i Ir.-tlv liiir 1 rliij;. It «.,ul.l ilirmisr tl„- iijii.iiiviit .l.-ll.-r- 

tiodH liv ill". lit llic >-.>mi- .|iuinrir\ I.v ^^lli. " 



llijl;; 



..'llrrti. 



.-.I I 



r ii trst i.rii-ii l..-;ir ii ;;t.-;i1it |-:iri.i Ii. 
u.Tit ,st.ii^'rol*tli.-(<-s;t. tiLllS Jilll.will- MIL 

■Ij-Tiritv ill tin- ln-giniiilig of tin- test tli:i 

■ Mr llll.il-. 

Ill' -iiTii ijf tlicsf L-ntiiH ]iiissilil,v iiinimiitiiis to 0.IHI7 inrli, the point 
I'll liiiN Ih'cii tiiken iis u i^tiiiiilaril iil'i'(iMi|iu,riMiin iil' -' tlrst iippiii'iitblc 
" (.t'rlir ililViTriiT l»n'sii<:i ».'li>r ti.nl iiirli. In Im-No. 1 tliis anioinil 
«'t look iihir.' iil'trr till' ;ip|ilii'Mtiiiii iUKl iviiioMil 'il' t]i<' l>i:nl 'il' J.5(l 

lllil>. TIk' •'Li.sti.' limit is t;lkrll M L'L'.'i |)iill]lils. llljs Ix-ili;: tlll> ))i)int 

;il.|.li<-illiu.ls. At l.-.n]„,iL'mlst1.i-.lrri.-.ri<.'iii.r til.'"!./!- «;is".il)srnl-.l 
li.i-.M.M. sh^ihtly :1N till' loM.I w;l.s iHt i.l. ■ 



H til Wll,s 


• ili.tnvi'i 




Kxri.jir 




vi'u^ilim 


»> irh.l 1 
^\lt.-r 


■iiij; IVi.ii 
mO ]ii>ini 



I tl)' 



llttls. 



All 



•]<-l).'< 



I'i'l"- 

tillrll. 


tiiiii •>i i-\ 

ill tills ;in. 


IV l..;i<l al 
ill allotlu- 


■r A 


^ •■lilt 


irli for :, i; 


-l.li.l^- In In- 


tak- 




sail' I'lim-i 


llU'SW, till' t 


IH.' 



AW 



tw.. niiii.it.-.s. 

iirii iiImci'iI on tlie bar, iinil tlii-ii rcmoveil anil 
"•*■■ r..ii.|iiiK- .'if till- sft takt-ii, a small ci-.ii-k Wiw iliHcnvi-ivil oil tlin nuclei- 
!;'"«l.Mif"llielmr. inai tli.iiii.iilU'. anii.oii KRl'lnall.V repW.-iilKtlu^ wt-iglitof 
■ • ! • |nnnnU. tlie liar linikf. Tin- rrai'tuix* Mlmweii the liar to Im.' jv [Mjor 
"• » «-, liting »iM»iig,v anil lull of lilow-holes. the liirijest of which veim J inch 
"* «|janieter.* 

-^.\ri aniilvsis was made of tin' tiiniin^rs of this bar am! also of bar So. 
•^* li>rth<'|>>in"'S'-or l.-aniiii;.'' wh.'lli.-r liir i-]i<-iiiiral rimi|i<.siliiiii w.alhl 
'U rnw aiiv lii;lil ii|ii>ii tl.r .■;msr;> of rb.' |.irs,.m',- of llir l.low-liole:- anil 
*'»«.* lack i.fiiiK-lilit.v of tills bar as i-.iiN|iaivi| willi lliat of other bars siih- 
"'■'_|iU'ntly tcwteil. 

'I'll.' result was the lUsnovery of an cxtriwrilinary ainoiuit of wibosiilo 
^'i'|i|>er ill liar So. 1. This was no donht formed in the i-ejieated melt- 
■" ic^ whieh the Imr had iiiHlerBone. 

^ilw following ore the aualy8es : 

IV'rMKl. 




^K»^.' 



^\ frai-liic i-..!,r.-...i 
"<« I'lut.-N.., X\ I. 
hibiitln. reUitiv.' l.eb 

IW N.i. ■> {<M.s:t ,; 



eil in the siiine 
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maimer »» So, 1 Imt with less frpqiieiit rea^ljngs of sets, only Pk(* being I 
inaile lieliu-e yO(i iiuiimls was plactil oil llicbur; tliewe reailiiigs elioweil f 

no set. At :i(H) jiouiuIh n set nf lif 

deflections iH'gin to inereane more rai 
175 ixmiuls. wliicli loml is trtken ii« -.i 
the Itarwasnolit-edto wink slowl\ iiTli 
wa« iuereaaetl n ithonl .-.toppinj;. A 
sink quite nipiil" 
the bai- .t, lU :< 
of deflection our 
thnin}>'li bclweci 
liv till' l.i;ii1 "f :• 
fiuni «liii 

The bur \\:i 
tioiis, und tLi 
copper bw was i 

A \-aat ihuuIh' 
.weiv foiniil. Fi 
llii'on^'lioiit 111! 1 
nmi'li ti 

.ientid ui.ii>.'s. and tjo 
shown by tliis [Mrlirii 
lie exi"'i-ti'<l lii'Lii (iilii'i 
is mtt ^.'ivi'n in lUv I'lii- 
compositixii, riiilr I. 
other bar from No. 1 to j>;. o. 

EarNo, 3 (IMi.lMi coijiht, :i.7i! lin). — This bar proved to be innch stroager 
than either of thr i.i.-.*.i|infi. A set of 0.1)1 ineh took place at 4I» 
Iionnds, and the limit ol'eiast iiit.v is conaiderwl to have been reached at 350 
poiuids. At 6(H) pounds the lnu' was oi)8er%-e<I to sink while under BtresB, 
and it wa«left for 50 loiunte^, the deflection increasing during that time 
from 0.181 to 0.2.12 incli; the rate of in(;rease of deflection gradually 
diminishing, the flret 10 minutes showing an increase of 0,04S inch, th& 
next 20 minutes 0.015 inch, itud lb.- nr\l Uli aiiiini.'.s D.oiis incli. Thf 
same phenomenon was imiiiTil simcihI tjtni's ilmiit^; tlie lest, Ihu baiT" 
once lieing left under stress of .s:io pimiids tbi- ir> li.uirs 4.-. minutes, th^ 
last 15 hours of the time showing a much less increase of defltHition thu 
I^e first five niinut«». 

From the test of this bar, and others in like manner, it a])])ear8 fc 
the increase of deflection linally ceases, in-ovided the loa<l is not grea 
than a ccitiiiti limit for each liar, Whc[i the hiati is ton great a sti] 
more curious iiliciioniiiioii is ohsi>r\cd, as in the i-ase of the bar iitqw 
tion whi'ii a limii <ii l.iiiiii |hi;iih1s was jilaccd on it, \ix, the decrease 
the riiti' of inciiiisc of dellccliou, and again after a certain time the i 
till the bar finally breaks donni. In this case tbeii 



crease > 
five minute: 
ntes0.44li ii 
rainntes :!.,! 
bar had a d 
snppurt-, t! 
showed a 111 
Hiir Ni. I 
6<H) i.ooi.ds, 
the load I. 
pounds had 



cMciiJoo with the first five minutes was O.iJL' ineh, in theBi. 
IS o.li;o inch, showing a decreasing rate; in the next SUmilh 
iai'ii. slii'wing a slight increase of tlic nitc. and in the next .10 
r^fi inclii's, showing a very rapid iucicasi'. At this jioint the" 
dctliTiioa of 7.(W4 Inches and tlii> tiuy leii.'lic ■ ■ ■ 
thus cuditig the test. On brcaUin;; this liar, tiit- fracture ■• 

l;;n.Ml cHjipiT. 7.^0 lini.^A srt o! o.ill inch whs reached itH 
s. aud (Itv .-h.stic ljiiii[ at .".75 |ic.iMids. The efl<-ct of allowinsr J 
II iviiiain •111 the l^ir was .iliscj-\cd scveml times after flW ] 
ached, with siinihir reriults to those indicated when 
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(Ifwrriliing the Miavior of bar >'n. .1. At 1,350 iMtiiiula tlie dellectittii 
iiirrt-astvl in 30 mimifes from 3.22(i iiirlips to li.TlKi inelii's, wLi'ii tlii' har 
f^liil llm.iijrli lii'twi-eii thtj Hiipports. On l-mikiiiy tlitf l.iii'. :>l'U'r b.-i..l- 
ill^' ill ri.)ifi;ii> din'CtiollS, tlif frnctlliv slii.wrii :n'i.iii|i:irt idiikiii;; iiirriil, 
of nn t';iitli\ i!|i|"MMniop, with sciirci-l.v iiii\ luster, iiinl v ilti mily a li-w 
very stiiiill l.!i.u-!ii.li's. The colitr wan imt riiliii-t> li.niuifrciicims. sDiiie 
pnrts iM'iiijT iiioiv jrniyii*!! tliiiii ulliei-n, tin- fji'iiiTiil i;olm' bi-ing retklisli 
yt'llow. 

War Jso. 5 {90.'J' copiM-r, il..jS tin). — A wt nf 0.01 huh wa.s reaclipd at 
000 {hiiiikIk. iiud Hit- i-lastie liiiiif at llu- simii- imiiit. Tiirie-teeta wtre 
made aftfr ILId |ioiiin1s wiTraiijilii-'l. I>iit in iii> i-asi- was a lojid left, longer 
Ihan 1-5 uiiniilvs. TIli- li;-li:ivior nf tiiis liar w;is vc-iy similar to that of 
lijir No. -i, thi-il.-tlfctjiitis .■iirrr-s|ii.iiiliri;; tn tlir vaiinus loada heinp nearly 
xUf sanif lor cih'Ii Idii'. Jts iilliiimtr stri'(ij;tli. Imwever, was givatcr, 
I.4S5 [loiin.ls hfiii- n-i|iiiivd to ^-iv.- it a ih-Hirritm uf 3J inehcfi. the 
siuiie iiii'iTasiii;; tlir ilctli-i'titiii ia 13 iniaiitfs, Ui 7. .134 iiK'.hes, catiHinR 

thf tmv to r Ii till' b;iM' i>rils siii>|iiiiis. In lin-akiTij; the har, it was 

find lu-ni in iuvsmuv initil Ihi- twi. ,-a.is tonrli.'-l. aail 1h.-a lictit in a 
rvviTs.- (liivi'iiun. Iiiit IthIcc l-rtorc l.rin;; >lMii:^litMi.-.|. 'flic ftwtlire 
«ho\v.-(i a .li'a>''. ■■iiai|i!irt inctal. bur liol ctirivilv liiiiini;;i'Uriias in color 
."-linlr-.aa.l [h,- l.iw.-r jmrt of 



or striicim 
the fnielin 
ai>|K>ar:itif 
lar^e siiol 
few small 
s l-revi. 



The 



'IIO' 



, dnil. < 



rl!i\ 



I'l"' 



lisli 



.■II,.' 



IL-iii 



had 

Har No. 
mt iioiiiiil 
siiowini,' ii 

The bar provi-d r,. !«■ aiiich weaker than the Iw 
bmkeat l.n.-.t) iii.na.l^. Tlic eaa-^^e of th.- «.-aki 
ltytJieai.i.earaaeeoftli.-nartai-.-. Twodisliini 
.Vi'llow and silv.'r-tri'ay, linrly ai.ittlnl [n-rllier i 
the ft'Jictdre, indii'iitini: tbal liqtiariiTi i.r aa i 
two inetJiIs had taken place, ami that rln- iw.i en 
of two distinct adoys, intimately mixed. Tl»' 
well as the limit of <-]asticity, and the iiltiiaatc 
Vory low. ami as the bar is considered a ddi'i 



in;;h slron;rcr rliaii any of the 
ati-on{^ a.s it might have bt^en 



.).ots. This iiu-tal. al 
stcd, is probably not 
^'eneons. 

. lopper, 12.73 tin), — A net of 0.01 im^li was reachefl at 
la^ilii' limit at 3(H(. A few "time-tests'" were made, 
of ilcHcetion iinihT constant load after 7nii ponn.ls. 
■ be aoK-h weaker than the two whieli p 



sho 



ilors were seen. KOld(>li- 
■1 the "hole snriiu.-e of 
icrlcet iriivtareof the 
IS were piiibably those 
ihIiiIos of elasticity, ae 
nn;;th of this bar are 
', like bar So, 



7.H)I cop|jer. l.!HI tin), the results are omitted in constructiiit; curves, 
it will be ob.-ierved that the modidus of elasticity is less than that of any 
liar from Xo. 1 to No. 1 1 (all copper, to 65.34 copper, 34.47 tin), 

Bar No. 7 (80.!t.'ieoji]ier, 1S.H4 tin). — ^This bar proveii to be the strongest 
of the series. A sel amoinitliLK to (l.lll inch was not detected nntil fH)0 
jOTUnds had been ].laced on ihe bar. and this was incrcasi'd oidv to O.lDIi 
inch at 1,L'(MI ponnds. The liaiit of claslieil; ajipcars to be passed at 
1,150 i«tmals. Tiie load of l,7:.n |.ounds ^^J^s allowed 1o n'ai;iia on tire 
T>ar for l-". h..nrs. dmia^- «bieli time the dctlectMin increased o.(Ji'7 incli. 
At theead of Ihe I.*. lioiMs Ibe l.iad ua.- ivhioMd and a reading of the 
net taken. The l.ia.l «as then re|ihiecd -radiudlx. Ihe List iiorTJon of 
tl.el.7.-.0|,ontid- lieihi, r-.plae.-d. ^i pound at a time. The last poaml 
liad been re|>lae.'d. and l)ic rca<lin^- id' the .lilh'etion »as abont to be 
llnMie. when the bar suddenly broke ;it a |..nnl Ii inches froai tlic laiddle. 
Hie Iruetnre showed a elose. eoMi|iael slrnetiLiv. and a reddish oij.inkish 
.lor, .-iitiri-ly dilfei-cnt. from tliat of any .if the bars previonsly 
Althon^'h this bar is the stron;^esi of the Kcries, it has much 



ItiiiN.. 
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lew* puwer to ivsist siiilileii sliMikH, in r^iisfqiiuiirc i 
the iiiii\iiiinm ilfAwtiuii beiiiy only (l,.1'{7 inth. 
liiii- Nn. s (7(;.i;4 (-,ii.|..T. :;:i.L'4 'tin). 



diiclility. l.tviikini 
niiiin 'l''llf(-tiniL 111 
toiiiid. liie -n-Mic- 
was ;i['ii;in'itllv in 
tinii to tlic loii.ls 
fnu-lTiir sli.nv.-d 



III O.iil inch waul 
Tlif cliistic limit 
111.' l;Hi.) or <icfl«-- 
,■ wli.-k- W^t. Tlie 
lit lji;litiT in color. 
«.hI -fivat liwk nf 
ill.T a deflection ot 
I'.iil iiicli conld lie 

IL'tlllV t.H.Iv plilCf. 



botli Htivii-tli and di 
O.OdL' iiicli. As wiilj 

det.H't.'d. ;Mld tin-..!; 

Tlierr:i<'lui.-slM,»..d 

of tli'iM' |.r.'\ jiiiisl\ irst.'.!. iiiiiiiiNl ;is liriitlf as ;;l;i.ss. will] if vitreoiiH aji- 

cal.ioi) ul' till' preseiire of cojiimt which I'oi-uied TO per cent, of itis wcigiit. 
ITie uluipc of the fratdiire wii.s iKfcnliar; ii »ide view of it is shown 
below. 



S ^ '^ 



Bar Xo. lU (0S.5S eopjicr. ;il 
Btiiiitai' in aiipenraiiec and actii 
u fitill less degrw of Ntn-n^'tli 
after a defle<tion of ii.(i4:i ini li 
(t.Ol inch and no t-la.'^tic liniil ^^ 

Bill- >'o. 11 1(m.:U co|iii,-r, ; 
stytiiifTtL ami din-lilily tlian c 
pounds, id'tcr a ili-tliM'tion of i! 
limit Lclorc Cnicti.ii-. ■rin-siii 
dilf. 



,2(i tin). — Tlds bar was almost ]»rwist>lj 

" Older tcNt to bar Xo. !l, but showed 

i diietility, bn'aldiijr at I'T.'t pounds. 

"' '. no set of 



I'd li 



,- IVactiii 



instead of ' 



TIk- 



■ the test, iv. 



: to the 
the preec.Uii- 

ISai' No. ii; (ii:;.:!i copper, :m 
than No. 11. It broke at Slip 
set of 0,103 inch was oliscrvci 
was detectwl. The IVactnre i- 
No, 11. luid of an appiMiJiitci' 
{irealcr .-ocili. unnity llu.i. 






IV.u 



■o|.|.e,. i: 



ancc of the IVacliin-'l inetii 
li-liler ill I'olor. 

liai- No, II (.".1,112 i-ojiper 
test of the bai'M of liic sci 
ineln's. It provcil to be so 
pounds, atler a dellectioii 
served at (iri pimnds. Init i' 



exhibited fitill le«H 
;r. breaking at HU 
i.oj iiiOi, showing- no set and no elastic 
li'lniv ;is shown bv ibr fracline was ipiite 
No. s anil No, II, bcn^ rontib -niniilaT 
ilns of elasticity incn-ascs from the be^ju 
ichiiig a Muieh higher ligiire than an^y j[ 

il.'i tin) was utill more brittle ami wedliJ 

muds, after a dcHeclion of ll.tCtL' inch, j 
at ill pounds, bni no limit of elustieft 
■owed a metal of mm li darker color tha 
■^oineuliat like stone. This im-tal had. 
aiiv oilier in (lie seiies. lis niu<lnlns < 
i>f tliat of bar No. 11. 
i; tiiil,— Tlir weakest and most blittle ii 
i.ls. alter a dcHeclion of ..nly II.0III3 illol 
astie liiTHt before fraetiire. The appea 
18 somewhat Himihir to that of No. 12,UJ 

m tin).— This bar was shorter than « 
its h-n-rth l.elwceii sn|.i».rls being 1' 
bat stn.nt;fr llian No. i:i. Iireaking at 1- 
0,040 inch. A set of 11,1)1 im-h waa o 
il incn-as.-il only to ILbHIal i:i« |Kinud 
1 before fractniv. This bar.-showcd a dil 
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fefeiir*' of «tni<'tiir(' ami color at the two ends, rlne t<> liquation nr sejia- 
nitioii of the nictiilsiiitoilisttm't alloys; thf (■lii>iiiiratiina1.'v»eKof siiTiipU^s 

liiU<'n from thi> twot'iiilsshovvfihulitt'i'ii'in f [■(iniiiosition of mure than 

lit i«T .Tilt. Th.- muihiliisof .'liisii.'ity is ,-M.r|.tioii;il|.vlow. Til IS may 



...s^il.l 



Mill. 



■r. .".L'.n ti 



.Irt).'. 



."> jioiiitilii aftt-r a tle- 
■ftvil. ;iii.| iKi lijnii of ohistiuity 



|{;ir No. i:. (47.111 < 
Ili-rtioii »f 11.111!) jii.'li 
lii-furi' rrin;Iuji>. 

[!;i|- Nil. l« (44.")L» (■i.|.|»'r. .Vi.L'K tin). 
I!aj- No. 17 {i±:\s ,;,],]»'y. :,7.:w tin). 
Hi.r N... l.s (:s.S.:JT .-..i.iici'. lil.:iJ tin). 

Tlicsi' ilin-i> li;ii>; wi'ic mII >ii]iil;ii* in heliiLvior to No. lo, very weak and 
!>Hiili-. yi\in>r iir> srts niiir.iihriii^ liiii.ui inch, anrl no elastic limits bi-fore 
Nil. 17 HAW u moiliiliis of elasticity umeli higher than uuy 



olh<' 



■ thr 



cries- 



r.;i[ Nil. II' ['M.'Jii w>pi)er, C5.80 till). — Tliiswu8 similar to the fourpre- 
cc.lin- 1j;iis, l.iii ttM.k u net of 0.0118 inch at 130 pounds. Tlie position 
lit Till- i-l;istii' limit is vcrv doiihtfiil. Init it apiH-ai-s to have l»een jiiiHi^ed 

;it llHljioioiils. Tl.ciiKHliiliixif.'hisiirity i.slrss thanlmlfofthatof No. 
17. It ;l|l|..M^^ tli;ir ilic Inliis iIc.t.-.isi's from this biir to the end of 
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TESTS OF METALS. 



an<i very muirh inoiv duirtilp, tlmn Xo. 'l:i. It Im)kc irt .tix) imihikIh, sft(>r 
a (letlccHoii of 5.M4!! iiirlies. A scit of ll.(H iiii-li wjis imvbaMy sivwi bf 

11 lortd of S."i |)(hiiiiils. flu- iviiiliii^' for T.l ]»ninils liciiiu; O.IIIHkI ttit-Ii. auif 
for IIM> I.01II..I- ",i.'(t:i iiirli. Till- liinit of .■laslicitv ii|i|iciirs to hsive liwu 
\ta>i^&\ ;ii '.r, iH.iiii.ls. At 1*"" [.oiui.ls tin- il.'ll.-.'lioii iucn-iisc.l ii 
]niiiiir<' i'ioiii o.:ui lo ii.4;i(l inrh : ;U L'70 |>.'iiiiils ii iiii-rciisi-il in two mill- 
ntts fi-oKi l>.07."i to l.oOL' Hirlifs. iiriil ;it \:'Mi |iuiiii(1m it iiu'it-iiM-d in o 
iiiiiinti' iVom iM:.'s to L.',.",i;i; jnrln-s. Wln-ii :ioo |nminls was platteil cm the 
bill-, it Slink down r.i|iiill\ mid liroli.> in alH.iit :,'ii sei-oii.ls, the deflecfiM' 
iurr('iisiii;;l.rHiiv In-tsildii;^ from J.7:i!t to .■.,S4!l iiiolit's, 

Itiir Noi 25 (.^.jT i;c.iiii.-r, iH.-iy till).— Tliis bar sliowoil ii Iprs Ktren«W 
liiiiii Xii. L'4, witJi ■ii'jul'''' I Inutility. It bmke at hut iioiuuls, afttr b«nip 
li'lt iiiiiUt tliiit Ntri's-s fin' si'Vi'fttl hitura. A set of IP.OUH inch was pnv* 
(liieed by a liuid of 00 iiniiiuls, iitul tlic cliistii' biiitt wan iippareutly 
rea«hed at -H) ixiiuids. Wln-n lim prmnds was jitni'i'd mi tlie bar, the 
deflection was observed to incrtMsc wiili tli<- tinu' il was allowwl to 
remaiu, showinf; an iiiereiisi.' of dcllrrtioTi of n.ni'l inrli in ]li miniitmr' 
"Time-teats" laaib- willi lli«lo;tils of hki, t_m. ! in. ;ii,d I "III i.otiiidsivitlf 
like results, 14't (loniids licinu M't on tli.> l.:n- loi rnoiv llniiL til lioiiRi,' 
iiicreosiiif; tlic ili'flcition front ll.L'i:! to l.L'TT iinlirs. Om- Inmdri'd ami' 
sixty ]M>iinds «iis irft on tl]i- bar for niori.' tlmn 'til liour^i, iin'rr;isin;l Mi*. 
detliT'tioTi from l.li'.H to .'..LM)7 iiu'lies, tlie rate of imivasr ;it first ileei-eiis-' 
iiig, tlh-n ri'jiKiinin;: con^ilnnt for several hours, nnd linallv ini-reasinj;. 
The bnr was lin;ill> li^ft ov.>niit.'ht. under a loaii oC Hill ]ioiiinls. with » 
dellectioii of o.i'07 inches, nnd found broken the in'xt inorniiig. the heii4 
left iiJ tlie bar aft^T breukiiig indicating tiiat a deflection of neurlyfl 
inches ha<l been given t<) tlie bar before fractui-e. Tlie fi-acture showed 
a flue grarmlar structure. 

The records of bars So. 24 aud No. 25 show that the nltiiuate breakini 
weight of such ductile metals depends in a ^erj' great degree i)j>on t 
time durmg which they are left under stress. The dunitioii of the U 
of bar No. 24 was alH>ut one hour, thiit of biir Xo. 25 was more that 



M left on tlie bar for 
it is inferred that a 
rak the bar in 20 
■ I'iise of bar No. 25 it 
li'Iifetion wan prwhtced 
r two minuter, that a mi 

oki'ii iho bur had it 



four days. As the Inrnkin;; lond of No, 
than two ditys In I'l 
greater load woidd 

the time requif I'd to i>rr;ik onr >o. I'l. in im- 
appear, from tlie fact timt Inr-e inrn-nsc of d 
various loads remainin;! on Die tmr tor one or 
smaller loml than 3iiil |.ou]ids wonlil liavr b 
allowed to act for a sutHeient length of tinie.' 

^ar No. 26 (3.72 copjier, 9ti.31 tin). — This bar wan appatt^itly strongei 
than No. 25, very probably inconsequence of the gi-eater liijiidity of tb( 
test, no load being left on the bar for a gi-eater length of time than lbr«[ 
minutes. A set of O.Ollill inch ivas produced by the load of HO poundti, 
aorl tlic claslii- limit ajipeared to have been n-achi-il nt 40 po 
100 pounds till- dcHcctiou wat greater tlmn that of Imr No. 135 with the 
same load, iinlicating it to be a weaker bar. No ■■ timi-lcst "' was made 
until L'OII pouLHls was applied. Thi.s lo: 
detlectiou ill tlir<.'e minutes. The bar linaily bent nridcraioml of lilO; 
pounds, with a total deflection of neiiily S indn's. ami was mi ilnctile' 
that it i-eqiiii-ed to be cut paitly tliroityh and bent rcjuatcdly in order 
to break it. 

Bar No. 27 (0.~i copper, 99.02 tin). — This bar was nmeh weaker thl 
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TESTS OP MBTAI.S. 311 

So. 26, with equal or grpiiter diirtility, tJikiiif! a set iif 0.02 iiieh at 50 
(KHitiiU. n-m-hing the olaHtie limit at 40 poitiiils, and lieiiiling to a total 

lletlwtion of 8 iliclli'w at 120 imkllmN. S,-vri;il '■ tiii]f-tr>ts" Wi-IV iniUlp, 
eausiiig Uiebtip t«8liow-|('!*swni'ii<rili iIlin ii "IIici-mIm- wimlil Imvi'doiie. 

Bur So. 28 (0.:W cojiikt, '.ni.-H; tjiu.— 'I'lns h.u- |.i.i\.-.l suinewhat 
stronger tliuii No. 27, aw tlie (iii:il li.'iKiinj; luinl \v;in 10 ]iimini« glt-ater 
and the '* time-tests " wtre of iiiiieli Iniigi-v diinition. The elastic limit 
was apparently reached iit W pounds, and a set of O.OU inch took plaee 
at 70ponndii. 

Bar No. L'9 (all tin). — The liehavior of tliis bar was vny similar to 
that of l)aps Nos. 2C, 27, and 28. bnt the met^tl was somewhat weaker 
and Aofler. A loatl of 40 ponuds proilucetl a set of 0.0095 inch, and the 
elastic limit a]tppared to be reached at aliont 30 iiounds. At 80 pounds 
a ci-ai;k waji ol)sei'\'i'd on one of the e4lges on the under side of the liar, 
whit-li gradually opened biit did not iuijrease in lengttL At 110 pouuds 
the bar sank grailuall.\', the dellectiou increasing more tbau ti inclies in 
ten uiinutes. The bar wa« finally broken by rejieated bending, and 
showed that the cntek above mentioned was produced by an imi>erfee- 
tion in the casting, about one-foiuth of the surface, or tluvt portion in 
which the crack was oliserved, showing radiated lines of cooling i 
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lai' wa- iriadc -ialisriiiii'iillv to the tests 
■ny,-\U< l»-aaiuch hcttcr bar tluni No. I. It 
lull], and poaii'd wht'u at a dazzling white heat. 
c fniiu blow-In lies, aiidiu all respects tile bar ap- 
s tbiTiliae i;il;cii as the standard l>ar of copper 
uciit«. It HUM t*'8ltHl in a special transverse 
I'ill l>e de^ciibed in connection with the account 
copiwr-Un alloys, which latter were all tested 
witli it. A remarkable ditt'creuc« whs observed in softness and ductility 
between this bar and bar No. 1, the latter bi-eaking at 050 imituds after 
a deriec;tion of 0.707 inch, while the foruierhad a deflection of 1.37 inches 
at 4*00 iKMinds, 3.4'J inches at 800 pounds, and sustained tinally a deflec- 
tion of alHJUt 8 inches helbit; breaking. This softness ___ 
WHS imlicated at llic bcf^iiniinf: of ibc lest by the low ^W 
limit of ela.slicily. whiili iv;is iL'll pounds. «hile in bar 
>'o. 1 it was at UL'.'i ]".niids. A set of O.IK inch took 
place in hai- No. I at i*."jO poiuids, but in bar No. liO at leas 
than 200 ponuds. The hreukiug load of this bar is taken 
at 800 pounds, aiitcic this loml prodnceil a detlectum of 
•3.19 inches. The fracture {Fig. 4) showed a liomogene- l'"'"' ■<■ 
gBund compact metal, entirely th»e from blow-holes, with tine but very 
^Hpctly defined lines of cooling, perpendicular to each edge. 
^B APPEARANCE OF THE FHACTURES. 

^^ftei' compleliiit: the tests by ti'ansverse stress, pieces were cut ftoni 
ea^'h bar sla>H in;; the transverse fractnre. The«e pieces were examiue<l 
hy I'rof. A. ]{. I.e.ds of the Stevens Institute of Techuologj*, who made 
the following report couwniing their colors and structures. 

KESfHIPTION OF TUE SUBFACBS OP FBArTlRE OF A SERIES OF AL- 
LOYS OF COl'PEE AND TIN BROKEN BY TKANSVEESE STRESS, — BY 
fUOV. ALREIiT a. LEKIJ». 

k 1 (all copper). — Color, copiier-red, altering by exposure to air into 
B oy fllui of 8iil>oxide, and into bhick by lilm of oxide of copi>er. 
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Siu-face in part large ve>8ii'ulni'. in part curvilinear titiroti», Afaximuia 
(liannftcr of vewit-lcs. 7 nim. ; maxiiiiitin breadtli ol' Hbwn, 1.5 
leiiglli, Kiiim. 

No. l* (liT.Hil i'"|ij"T, L.'.m tin). — t'olorj ri'd, sliKbtly uxiili»e«i by expos- 
ure. L;ii[i'' iinil (■<p:irsi- vesicular: iiiaximuin liiameti-r of vt-sicIuH, 5 mm. 

Xo. .1 (lKi,mi i.i]iin-r, ;i.7ti tin), — (_V)lor, brifjlit rfTdilinli-yollow, with fomC 
traces of bUick oxiile from exiKWitre, SurfiK'e, «iiiaU antl finely vesicn- 
ha: 

No. 4 {S12.ll copper. 7.80 tjn). — Color, dull reiliUsli -yellow. Homoge- 
neous. Surface, Jinely aboresc«ut. 

Nu, ."i (•)0.i;7 lopjicr. !t.58 tin). — <'olor, reililisli -yellow, witli spots of 
(lark iTil ami \>iiizU( yellow. Siirfiicy, not liomoyeueons, iu purt vetttea- 
lar, iu pall lliii'ly lil>roii.s. 

So. li iST.io lujjpcr, ll'.".'! till). — t'olor, brasa-ycllow in part, iu part 
Wnisli wliite. Surface, not homogeneous, ftuely vesicular. iVwtun, 
hackly. 

JIo. 7 (80.05 coppiT, 18.84 tin). — (."olor, reddish-gray, with brass-yellwr 
8I>ots. Surfiice, retieulatc<i fibmus. 

No. 8 ("«.&t copper, 23.24 tin). — Color, reddish -gray. Surface, tatntly 
vesifiidaj': interior of vesicles brasB yellow. Fra<riiuv, irregularly curved. 
Luster, dull. 

No. (I (iiH.S4 iip|>ijrr, 20.89 tin). — Color, pro >"! nil- white. Siu-face, taja- 
tnllizatii-a |iri,-ajaiif. diverging from eenter. Fracture, of large ctirvs- 

ture. I.ll.-tci, ;;lisl,>liillg. 

No. lo (IW..VS cii|.|»-r, ,"ll,2fi tin). — Color, gruyiHli- white, more white 
than llif |iriH-,-diiiM. .Surfa.-c. crvstalliiii' pristiiali.-. div<T;;iUfi fniiii tlie 
center, riadiiir. ..1' ]ari;r riirvainLv. laisi.-r. -listraiiis:. 

No. 11 [ll.-..:U cipiMT. ;;i.l7 lia).— C.lor. l.lnislL-iay. sbuviof. yi'lloff- 
ish spots in some lichtM. .Siuface. in tcrnip tiddly ciy^lalliiic. l-'i'jwlure, 
coarsely ronitdcxi. Luster, splendent. 

No. 12 ((J2..31 eopiK-r, 37.a.> tin). — Color, dark bluish-gray. Soiiat*! 
laminated. Fracture, coarse hackly. Luster, splendent. 

No. 13 (.W.70 i-opiR-r, 43.17 tin). — Color, bhdsh-white. Snrt'!u;c, cxystal- 
lization eminent ; crystids prismatic and diverging from center. LosttfT 
splendent. 

No. 14 (.".Lfi2 copper. 48.0fl tin).— Color, bluish-white- Surface, C17S- 
tallized, but not readily ai>parent. Fractm-e, course angidar. Lastor^ 
splendent. • 

So. 15 (47.<il copiK'r, 52.14 tin). — Color, grayish-white. Surfaee, finel^ 
grarnilar. Fracture, waved. Luster, glistening. 

So. 10 {ii.ii2 (Mpjier, 55.28 tin). — Color, grayish -white, Sui-ftice, lam* 
nated gmnular. Fractiu-c, (^oiirscly wavetl. Luster, glistening. , _ 

So. 17 (43..'{8eoj»per, 57.30 tin). — Cohir, grarisL -white. Sui-face, cry^ 
talli^ation finely roticulat^ed. Fracture, uneven. Luster, glistening. 

No. 18 (38.37 copjwr. B1.32 tin). — Coloi-, grayish -white. Surfa««,< 
tallizetl, but not rca<Uly appiu-eut. Fracture, coarse hackly. * 
bright. 

So. 19 (34.22 (■n\,]<ov. r'„-.,SO tin).— dilor. grayish-white. Surface, ( 
tHllization eniinnil. ia'isaLiili<>. ami dlvcrjjing from center. PriiHiUlti 
angle, 130°. Sidi-s .ii' inisiiL di.iib),\ filiated, one set of striie parallel t 
wlge of prism, lln' otln-r at mi aii;;ii' of 47° with the former. 
splendent. 

No. 20 (i't.S.") cojiper, 73.8(1 tin). — Color, grayish -while. Surface, C 
talli/iition eminent, prismatic. Lusler, splendent. 

No. 21 (23,35 co]jpcr. 70.21t tin). — Color, grayish-while. Siuface.C _ 
talliKvil. liTit not icadily apparent. Fracture, hackly. I>ustcr. hrighL 
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Iffo. 22 (20.25 eopiwi", 79.m tin)' — Color, pra.iish-wUitf. Siirliwc, frys- 
nziituiu nut \iu\;v but etiiiueut; iiriHiuutii; diverging from ttiiiter. 

PriKrii;itii;iiii;li-, 107^. Liwter, spleudent. 

No. lM ( l."^i.i).s ..ij.jHT. S4.t»2 til!). — t'olor, gmyisli-wliite. Surface, crjs- 

titllii'.iiriiiii, i-iiiisf witli iiriiuiiatic faces,, divfrgpnt. Fracture, jagged. 

i|HT, SS.-17 liii), — t'olor, gravisli Mliitc. S mf are. cry fi- 
ll. ■.iliii.-.i. Fi'a«.-tmv,ha<-kl.v. l.iisi.'1'..iiifl with bright 
itr<>tril vrywtalliiie faees. Swtion. disli.i'tcil. 

No. -Jo (N,57 ciiiiinT, ;H,;JIl tin). — Color, griiyiftliwliite. aiirt'ace. gran- 
ular. Lust*!, dull, witii glistening points. Section, distorted with 
enrvwl odge>«. 

No, 2t! {.■(.72 eopjier. fl(!..31 tin). — Cnior, grayish wliite. anrface, 
iitiiTidcd jn'iiniiliir. l.iist.'r. dull. 

No, L.'7 [it.H ■■o|>|"r, U'.Kfj tin). — Color, pniyish-wliite. Surfaee, erj's- 
taliixiition t'ecMi' with innlrlintHl prismatic faces. I-llnter, bright. 

No. ijs {H.;i:j cip].. r. !I!p.k; tin). — Color, gravisli -white. Surface, invg- 
nlarlj waved. Luster, dull. 

No. 2! I (All tin). — ('olor. bluish or Rm.viHh-white. Surface, slightly 
viwieuliir at eenlev. prisnintic at edges. Sectiou, niueh di.itoirte»l. 
duster, bright. 

^^t TESTS nV 'l'ENSII..B STRESS. 



liars I.ii)ken liy tnuisverwe ati'e«« wei-e afferwiiiil tested In ten- 
two tension iiitH.'e» being ninde titmi each bur, one tVorii the upjier 



and one fiim 

Kaeli 
nuniliei 



end. 



with tlie lettei-s A. I!, C, I) in addition to its 
if distiuguisliinj; difterent imitions of the bar. 
riieup|..T .-11.1 ..I the i>;ir w;is iiiiiiked A. Ilic lower end II, imd the 
middle (' iiii.t I), iv.^i.i'.'tivi.h, ;ib..x,'Mnil li.-!<.u llie tiaiiNViTse Inti'tnre. 
The l.ieces lestr.l U^ t..hsiuii ;.iv .listiijmiisli,-i| in Uu- r.-ronl.-^ wlii.'li fol- 
low, by till' s:)iii.' iinnihiT wjiicb was bonir b\ tin- b:ti' from wliich lliev 
wi-re made and by the b'tt.Ts .\ or li, as the piece was tiikeu from tin) 
illHMT or li>wer end of Ibe liar. 
Tile pieces t" be te»tc(t were nimb" of the sli!ii>e and size indicated iu 
diagr.iiii below, whenever the sizes of the pieces from which they/ 
eiit were sutlieient to allow it. 




When the broken bur from which ihc tcst-|.iece was t 
lung enough lo in;ikc the pi.'.'c of the si/e siiowii iibo\ e. I 
IKjrtion was s)i..iteiii-d, IiMvin;; the si(iiare ends at leii.- 
Icngth. Thi-cvlifMlrical |."rtion ujs Innicil with yicMl r: 
elerof ll.7'lSiM<.l(. ilins ^iviii^o «ccli. I iin-a of onc-liiill 

The pieces iinitibcrcd No. I to N... S (iill .■.,|,|.,t I.. Tb.lil 

tin), ilicjiislv.'. uri'c tiinicil in the lal he will I dinl.'iill< 

im-ivusiii- hiinlncss beiii[;- notice.!, the hist iiiini.'.l ;:iviiiK n vit% s1i. 
I'liip. and i'c.(iiii'.'il f]v.|ii.'nl s)iai'|>.'i.in^ of lli.' look The tiiinc.l s 

faceof :ill (bcs.' Iiais was made |.cilc.-rh s Ill bv the lunniii; I. 

The color of the Innic.l snifacc \ancd tVoni .'o|i]ici'.i'c<l lo li-bt ^'.<ld< 
J*llow. the c..l..r --miluailv b.-comiii;; li^'hter with the increase of p 

plage of till. In liiniiiin these bars, l.hm-holes nf \aiioiis s 
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found in ncnrly nU of them, So. 4 and So. 7 only lipiiij;; qiiito frw trau 
them; So. 1 ami So. - IihiVii vi'r\' liir^ro nuiiil)er of nil »i/.i'», ami "Sot 
X o. f!. mul X liiiil i-iicli i\ f.-w. iisiiiillv "f STunll si?.o. 

AVitli thr iiMisi l.iiitl.- iilli.vs it w:.s loiui.l impi-ssiM.^ to tiivii tlip test- 
]>ipv.-s in 111.- tilth.' til ;i simh.tl. Miff;..'.-. No. !» to No. U (■_*!I.S9 to 31.171 
till) <'oiilil not Ix' rut Willi :i T»"1 at all. Cliips »oulil My of)' in mlranre 
of the ti>ol anil h.-ncaili it. I.Mviny a roiit;lL suilin'f. oi- llif rool wouW. 
BOiiietiiiirs a|>|.aLriitK iinsh oil |>orlioiis ol' ilii- iiiftal, ^riiuliiii: it W 
powdvr, Tli.-,s<. I.,,]'.-; «i-iv imt tiini.'.l iL^mh t.. ilir .-taii.lariUi/.c, 0.7M 
ilifli, but lunl I In- con UTS iiicn-ly taki-n oft', iiialiiii- lli.- r_\limliii-jil por- 
tion nPiirly 1 iiuli dianieter and 1 iw-li lonp^. ' 

No. 12 B (30.96 tin) gave even more ti-oid)lotUan So. StnSo. 11. 1*^ 

Stiece broke in the lathe liel'on? the («riier» wen' taken off. So, 12 A v 
efl foi' test withont l>eiiifr tnni»-d. 




No. i;S and So. U (CS.IT and 4.s.0i) tin) \v..iki-d like So. i) to So. IIj* 
So. 14E(:W.41 copiHT. fU.ol till) |iiov.-d to I..- inurli softer and moi 
easily tlirncl than No. I I A [iV^'Jl v]>\><-i. :17..-.S lim. ao.l was tm-neil I 
theRtatidard diiiiiirirr. No. 14 A «a>a^ iiaid as No, i:;. Tliis was dii 
to the diOereiK-e in .■..iLiiio.-iriori of the twn ends of this l.ar, as In'toM 
deseriljeil, tlie hiryer |)ro]iorlion of tin lieinj; al the holtowi. 
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^5 was itiHcli Miifter tluiii Xi>. i:i. but not wi wift its Xo. 14 B. It 
very weak, ami lutiki- in tlm liitlic U'lijiv being ttiusliwl. 
IA wa^i lift witlioiit bciiii: tiiiiH-d. 
Km workeil like Xo. U"), tlie tool taking ofl' vi-ry tine ebips and 



il>s t'lom tlie tiwil beiiijr eitsily ii'iluced U> 
vi-n tlie liiitrers. \o. 17 A (iS.lW e<ipi>er, 
■1 tl.;ii] No. i: It (:W,8;f eoiiiM-r. 110.79 till), 



, IT li. I 



ci. o 



E17 was a liltli 

ler by iM'iiiH n 
tin) wan «i.iiii- 
L-h wiiH (hie, as i 
O. IS to No. lill \ 
tie. 

o. 21 was not tin 
eiigtb. 

o. :»2 to Xn. -J'i all woil. 
.lol'tneHS as tin- iiroiHirlr 
ho appamtn^ iisi-il in 1 1 
le in tile MeeliHoieiil 1,; 
iSy. a ent of wliieh i« sli-nvn .in |irc're{liii(; |i[itre, 
lit' elonfiHt ions weif niesiNin-cil liy means of n jcii 
iiiers. with ii fine seivw-sittiU'lniieiil, tiikln<; tlie ilist; 
itH iinirkeil on tlie evliinli'ii-;i! (lurtloii of llie ti'>t-]>i 
Thedist, 



■]ii|is lieiiijr very weak and 
t,\ whieh extended tlimngli 
lie lathe, Rliowiug iuereas- 



of finelyiKiiuted 
nres lM.-tween two 
I'f. iilK>nt Siueh'ea 
t'OMnreil on a 



idunlseale, dividrdlolunKlii'dllisoi'^uiiu'l 

Igation Whieli eonld l.r ohnnvrd w;i> (Mil 

imiiv eases Ih'vmimI ilir I'hisiji- iLinir, mi lliii 

ber the eliistie limit iior iIj.' iiioiliiliis ..f . 

Id be aeeuraleiy drtrrmiii.-d. As a riose 

elaatie limit ij* tiiken from tlir nirvrs ol 

cb the cnrves nifpear to elianffe tht-ii- diivel 

ig eoQsidei-od to indicate the limit. 

ahleH ^vintr tlie reexinl of the test of eaeh b^r are apiieiuU'd. The 

jwiug is )i Hiuumaiy of the ivAiiltH: 



111 rliis wiiy the HuialleHt 
ill. \iliii'ii Wild jirobably 
flour tlifsi' exiM'rinienta 
stieil> \\illiin tliat limit 
il'lU'oxiiiiatioii, however, 
li>ii;.';tlioit.s. lilt- jioint at 
III toward tlir ImriKontal 
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Table III. — First Series— Copper and Tin Alloys. 

Tests by Tensile Stress, 



No. 



2A .. 

2B . 

MeaD . 

3A . 

3B... 

Mean . 

4A .. 
4B . 

Mean. 

5A . 

5B . 

Mean . 

6A ., 

6B .. 

Mean . 

7A .. 
7B.. 
Mean 

8 A .. 

oB . 

Mean . 

9A .. 

9B... 

Mean . 

lOB... 

IIA .. 
11 B... 
Mean . 

12A .. 
12C .. 
Mean . 

13A .. 

13B .. 
Mean . 

14A .. 
14B .. 
Mean . 

ISA .. 
15C .. 
Mean . 

16A .. 
16B .. 
Mean . 

17A .. 
17B .. 
Mean . 

18A .. 
18B .. 



' Composition by 
! analysis. 



Diameter. 



lA . 

IB.. 

Mean 



a 
c 



a 
H 



3 3 

5* 



j Inches. 
Cast copper 0. 798 
...do 0.798 



97.95 
97.83 
97.89 


1.88 
l.ir2 
L90 


96.16 


3.71 



95.96 
96.06 



3.80 
3.76 



0.798 
0.798 



798 
0.798 



a 
s o 

|s 



Jnchei. 
0.7y0 
0. 742 
0.766 

0.730 
0.717 
0.724 



e a 
Su 

it© 
a**-! 

c> ^ ^ 



Tenacity per square: 
inch. , 



a o 
- © 



_L r* fee •"* ••5 



o 



0.0060 
0.0033 
0.0047 

0.1566 
0. 1100 
0.1333 



PonndM. 
14,180 
11,340 
1-2,760 



0.696 0.1317 
0. 686 0. 1540 
0. 691 ! 0. 1429 ! 



9-2.14 


7.84 


9-2.07 


7.76 


9-2.11 


7.80 



0.798 
0.798 



0. 730 0. 0780 
0. 737 0. 03-25 
0. 734 0. 0553 



90. 11 
90. 43 
90.27 

87.15 
87. 15 
87.15 

80. 9t) 
80.90 
80.95 

76.67 
76.60 
76.64 

69.90 
69.77 
69.84 



9.66 
9.50 
9.58 

1-2.69 
1-2. 77 
12.73 

18.92 
18.75 

18.84 

21. 24 
2:123 
23.24 

29. 85 
29.92 
29. 89 



0.798 I 0.745 0.0412 

0.798 0.760 0.0319 

0. 753 0. 0366 



0.79^ 
0.798 



0.798 
0.798 



0.792 I 0.0185 
0.773 ' 0.0480 
0. 783 i 0. 0333 



0. 798 0. 004 
0. 798 0. 004 
D. 798 0. 004 



0. 
0. 



798 
798 



0.985 
0. 972 



68. 57 31. 30 



65.31 
65.36 
65.34 

6L83 
6-2. 79 
62. 31 



34.47 
34.47 
34.47 

37.74 

36. 96 

37. 35 



974 
0.975 



0. 798 
0.798 
0.798 

0. 985 
0. 972 
0. 979 



0. 974 
0.975 























56. 58 

, 56.82 
56.70 


43.11 

41.22 
43. 17 


0.975 


0.975 






. 6-2.27 
1 38.41 
1 51.62 


.37.58 I 
61. Ot 
48.09 


0.968 
0. 798 

> • • « . • . 


0.968 
0.798 






47.72 
47.61 


51.99 
5-2. 14 ! 


1.055 


sqnare. 







44.62 
44. 42 
44. 52 


55. 15 
.'S5.41 
5.').28 i 


0. 9f0 
0. 798 


0.980 
0.748 














45. 93 
.38. «'3 
4-2.38 


53.80 
60.79 
57. 30 


0.798 
0.798 


0.748 
0.748 














38.37 
38 37 


61. 32 
61.32 


0.798 
0.798 


0.748 
0.748 







25.200 
23,960 
24,580 


30,960 
33.040 
32.000 


29,:«)0 
27,780 
28,540 


26,7-20 
27,000 
26.860 


26,*i00 
32.160 
29,430 


3.3. 600 
32, :i60 
3-2, 980 


20,600 
2 1. 4-20 
22,010 


7,006 
4,164 
5,585 


1,6-20 


2.376 
2,0-25 
2.201 


2.M) 
1, 125 

688 



1,650 
1,455 



1,170 
3.940 
2,555 

950 
2.100 
1.5-25 


3,460 

2, S60 

1 3.01.0 


2.260 
5.560 
3.910 




2,820 



a 
s o 



Pounds. 
14.464 
11,509 
12,987 



30,104 
29, 142 
29.623 


40,687 
44, 696 
42,692 


35, 002 
3-2. 559 
3:j. 780 


30. 64!) 
29. 761 
30, -205 


27, 098 
, 34. 263 
; 30,680 


; 33,000 
3-2. 360 
32, 980 


20.600 
•A 4*0 
2-2, 010 


7.006 
4.164 
5. ."^85 


1. 620 


2.376 
2.025 
2. 201 


250 

1, 1-25 

688 



1.259 1.259 



1. no 

3.940 
2.555 


950 
2,100 
1. 525 


3. 4fi0 
2, ."MM) 
3.010 


2,260 
5,560 
3.910 




2,820 



it 

• a 

— a g 

ir ^ *■ 

2 e s 

* X ©* 

C4 



12.000 
10.000 
11.000 



10.000 
10,000 
10,000 


16,000 
16.000 
16,0iK) 


20,000 
18,000 
19.000 


15.000 
16.500 
15,750 


20.000 
20,000 
20.000 








20,600 
23, 4-20 
2-2,010 


7.006 
4.164 
5.585 


1, 620 


2,37f 
2.025 
2. -201 


250 
1, 1-25 

688 



Remarks. 



Rectangular ser 
0.994" X LOOS' 



1.259 ^ Rectaueulnr sec 
0.998" X 1.004' 
1,6")0 I 1,650 I 
1, 455 1, 455 ! 



1,170 
3.940 
2,555 

950 
2,100 
1.525 

3,460 
2, .560 
3,010 

2.260 
5.560 
3,910 



2, J=20 



Broke btfore tes 
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Tnlt h^ TmiUe Slnn—Coutioaiiil. 


^1 


p^ssr" »-■- '4 '■»*«"«-• 


^4 


Keuarki. ^^^1 


■i 1 ?i ' ¥ -1* 1| i^ 


-"=£ 


-%i 




l\i .p ,1'i ^^ |! I* 


ili 


^H 


1 , /«»*«. ; jRiA*.. I-Bi.nS*. ' Pmmd.. 


^^^1 




Brukr list. ^^^H 


'mm 


(n.80 0.790 O.TM M,SJ1 8,371; 3,371 


ML SI 




Mu w.3f i).Twi| 0.1118 i.soo 1.300 \,m 








«.8o| ■!«.« a.9irT, (i.m O.IXIIJ ii,9is B.S5S1 B.a7S 


Rflemnmlar arelhiD ^^^H 


jaw T3.M 1.000 1.000 7,-375 i.ms , T»IS 


RMHwiinler mhu'Idb ^^^H 






»M j ■W-SS «.TO B,77S 8.77.1 


^^^1 


«Laa 1 TO.ia 0.711* D.7M u b,mo m*i una 




ISI 1 T9.>:l 0.:i>» U.798 V.XM 9.£H l^tUt 




Bias 7».ea <,jn 4.M7 <,3*; 












S.W «,ss 0.196 0.7W o,iwe7 fl.sao e.sao s-soo 








I4> t»M ' o.7!ie o.7Ba o,o;w h-wo 7.0SO 3,000 


^^^M 


I.4H 1 M-SO 0.7M 1 0.7Bi 0.OOS B, IflO 6.301 


4,000 




■V-te' ev.n O-Tra o.D4jo k,u<w. ii,C97 


3,500 


^^^H 


EI.89 , OI.IS , a7»(f 0.730 0.U7H B, 000 7,107 






awl ei.fls II.7M 1 0.7W u.od«o ii.im f^mi 


3.ilDn 




RS7I »I.-J» , .1 0.7» 0,»So7 a,<30, 7.334 


a! WO 

(.MM 


^^^B 


aw 00.30 0.70* 0.080 oooBs «,:ioo a,wo 




1.D00 




8,7a 0«.3l 0,670 O.I«JS 4,'.-V0 fi.»H 


«.7S0 


^^^^^^^^H 


11 7S OAPe , 0.79fl 0.5.10 0.310 3,000 ; V.fi70 






Util m.tt o.7o« 0.5M 0.1307 3,;do' 8,ijt 

a74l W.OS' ' 0.W3 0,1K7H 3,HS0' 7, rtl 




^^^^^B 




aSB M.M O-TM 0.4M 0.3000 4,7U0 li«33 0.W0 


THnncttyarfnetiind ^^^H 




HH'ii.-n rluubiiul. ^^^H 


R» Bll,4.-i 0.71)8 ' D.47S 0.;H<8 1. a» 11,009' S.!hM 


^^H 


0,33 


W.«; 0,405 0,3544 4,475 I3.sa3, «,S0O 


^^H 


CM 




1 0.708 1 0,-100 0.4«0 4,900 1 




^ 


o-'Dpn j 0.7M 0.795 0.0751 W.SOO flt.m 14,000 

^- 0.71M ' 0.740 ^o.^4l oa,«w -jo.m hooo 

0,733 0.0047 97.H00 31.490 14,000 


^^1 




^^1 








^^H 


TESTS BY TENSILE STRESS. 


^H 


wnlte of tli« U'hU by tnnsile utrpj^a ngreptl in gpm 


ml vpr,v closely ^^^| 


Dse by tn»ii8V<Tse strpss, tlie ivliitivc fttrpiiglli and 


<lin-tility of tlie ^^M 


nan ban. iH'inu flic siimi' iiiiilrr I'lflii'r kiiiil «( trs 


voiy ^^1 


lI.V shdWii h\ an insiii'riiiiii iif 111.' I'ltrxrs in I'Uttf 


^H 


trauHVf-m' mill ii'msiIi' -tr-'ii^il)-; mikI ilo' <1it<'rilii\ :\i 


^^^1 


a No. I (all c-iiiR-i) im.vr.l lirlicirnl in LuIIl .-liviml 


1 lini-tility, ^^M 


fceqnenceof tlio |.n-s.-iic,. i.C ;i l;ir^.> iiimji1».i' mI' \. 


>^^ bull's. 'ni» ^H 


Knld be kept, in min.l tlu-.jn^'li.iiit tlii.^ .u.-chsmuh 


^H 


Bj^ftt pier«8 WPiv imriHisrly iiscil, allliiin;;li riri|iuii 


h iiM>iinnil, as ^^H 


■tatended to aNCfi-Iain tlu' value nl' i-a.:li all<i\ as I'ii 


ll^^ilUnb- ^H 
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wqiiciiily Ih- ilftmnined how far the oocinTPijfeof imsonndnww in cutis 
riiii In- iivoiileii by K]>eciiil treatment, and Itovr tht tensifity anil nthervj 
milile inii|n>rtics may lie tliii* nn|iiiivwi. No. ] A hud a tenacity of 14,19 
(■'■iinilf. |HT square incli. imd No. 1 B. il.:i4l» iinuiids, witli l.)ijtt eloiiK* 
tiiiiiK uf i.ul\ iMkl :iiiil *t, trj iiieli i-esitwlively. The eonti-jist lielwecorh* 
liriiperties iif Nil. I and Nn. :tu in as plainly shown in the tensile as iu tl» 
transverwe tests, the latter having a tenjwityof lffl,200and 2ii,4<K) jmxiivIi 
in the A and U eiuU resjieclively, with elongittiuus of H,37(> intli am 
0.271 hieli. The tensile xti-eugth of So. 30 A is uititsiially >d;:b for a4. 

(■opiMT. 

Bar Nil. 2 I'.'T.SM i-><]>|ifr. 1.90 tin) was ven- mneh inon' ilnetile tliHB 
No. I. lini was i.-mlciid il.rici.-nt in streupth by I. Ion- -holes. 

liar Nil. 3 ('.m;.(»; coiij.. r. :i,7li tin) was stroHfrer and iiiiiii' ilni'tile tliiiB 
No. 1'. Th^. rriieniie- -it N-.. .'t A and No. 3 B both showed bluw-liole* 
whlrb priilKibl\ ileer.-Lis.-d tlii-ir striiifrtb. 

Bars So. t and No. ."> (7..so iiiid !l.riS tin) showe<l an e^c^ivtion tofl 
rale of iiien'iis.. ..t' sir-n^-tli witli iiiei-ease in the iiroportion uf tin, BB 
were Ih.iIi M.-;ik.-r iindiT tensile siivss lUaii No. 3. while in the tranHTCn 
tests Nil. :; u;is th.- wi-iili.-.st iiTiil No. ."> tlie stfoii^'est of tile tlinw 1)M» 

'Hie leas itliis w.-:(kiiess .loi's iinr aii|ie;ir to be the preseiHH! of Wow- 

lioh-s. ;is No. ;i \t:u\ nioiv of tliese tliaii either No. 4 or No. .5. In ft* 
ease of No. -> Ibe weakness is i>ix>bably doe to the want of lnanoRenritJ 
of the metal. As obsened in the notes on tnin.sverse tests, the fnict 
by transverse stress wan not homopeneons, the (vntral ixirtiim Im" 
dark r«l or b^ov^^liMh-^e«l, while the oiiter portions were of a reddi 
yellow to yellowiah-jniiy color. 

In the tractni-eii under ten.sile tests these same contrasts of color w 
also obsenwl. varyinc sliyilitly fiinn those of the ti-.insverse iractw^ 
The yellowish -colored metid iH-lnsr partly cnt away in Inntinjr the cy^iI^• 
dricid te-t-|iicci'. the sccfinn left wiis coTniiosed of ii lar^rcr iiroportion nf 
the (la ik colored metiil. whicl] was probahiy \\,Mker fhiiii tile other. Tl* 
dark color !ii>i>earcdas if it niitrht have Ih-cil due to o\idalion of tlieoip- 
per, rather than to the fonnalion of a di.stinct alloy of the pnre metsl«i 
as no alloy of the whole series in any way resembled the t^^utnil portio8 
of bar No. 5 in color. 

The more i-apid cooling of the metal at the snifiM'e than in the c 
may have made the exterior porlions the stroufjer, and these liitTiflf 
l>een cnt away by inminy the tension pieces, this may ucconnt tor tJ* 
weakness of the latter. 

Bar No. C (87.1.5 copper, 12.73 tin) showeil a marketl differenoe IS 
tcna4^iity in the n]ii>er and lower parts of the liar, No. G A (87.15 c^^ 
12.96 tin) breaking at 2(i,70U ponnds i>er stgnare itich, and No. B {WJ 
copi>er, 12.77 tin) at 32,l'>d pounds. A snmll blow-hole ai>i>eaped is fl 
fracture of No. 6 A, but it was not large enough to a<'connt for ft* 
diffeivnee in strength. The cause is more probably the difference "f 
siriLcliuf- of the metal in the two ends of the bar. The fractnre of Su. 
(i -V w:is like the transverse fracture in api)earance, coarse, -iranular, nn^ 
miittlcd in color. No. B was also nictlk-d, bnl rnndi iLioif finely.* 
close oliscrvfttiiin only reveahng tin' two ilistinrt colois of the nietfJ- 
The stniciuiv wa.s also much more eonipiU't. Tlic iiiiidysis of the tiitU" 
inj^s lioni nwh of these pieces shows tin' comiiositititi to lie. almost pre- 
cisely lln- siiriic. The difference in stniotnre may have l>eeu caused 1>J 
ihc dil1i-ii-iiic- til |iii'ssiirc at the top and bottom of the nmld. 

B-jr No. 7 (SO.!i.-| i-ii]i)H.T, 18.84 tin) was the strongest of the seriea, 
resnits of tlic tciisdc tests agi-e<5ing with those of the transverse t«! 
The tension pieces showed but little ductility, both breaking after *" 
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elonyatioii of only 0.02 inch. Xo. 7 A (80.0» i-oniter, 1S,02 tin) sliowe^l 
n lack of liuinogoiieitv in color, and vns somewhiit weaker tLan Xo, T B 
180.00 copiier. 18.75 tin). 

Bar So. H (7U.f>4 copjKT. 23.24 tin) was mitcli weaker than Xo. 7, ami 
had ao little ductility that no elontjation aiiionnting to 0.01 inch could 
be detected. The fnictiiie-swere similar to the ti-aiisverfic fracture, witli 
several very mjiuI! 1.1.iw-Ii..I>'s. Burs Xo. s to N,i. i>0 {23:2i U> 73.80 tin), 
iuclusive. liiid ;ill mivIi r\.Ti'.liiij.'h sli;;!it diirtilily tliiit tinnc of them 
ulongated O.Ol iti.'li Hn.-ii.' ftn-ss. Tlii'ir c.iuiiarativi- liin'iility, thwe- 
fore, cannot I'c ■Iflciiiiiin'ii IVotn these rent,-;, Tiie fart of llii-ir hanug 
HUcU a !«mall degree of diu'tility, uioivover, unfits Iheui for any use in 
which streugtti w leqnired, and their comparative ductility is of no 
practical value. 

Bars No. 9 ami Xo. 10 (2!t.S» and 31.20 tin) were so hanl that gn-at tlifli- 
cuity was espeiieneed iu holding them in the grip-blo»'kM of tin' ti usile 
machine. These grip-hlocks were made of verj- hiutl east slii'l, and the 
gripping-edgeM were «i-oi-ed like a file. Instead of cutting int.. Ilieuielal 
of Xo. it and No. 10. as tliev did with all metals softer than liaulened 
Hteel, they ground utlt lie -nrla.i- atid U>t ilie i.ii-ee^ slii.out. 

No, A wjiM lnriie.l in tln> aiiildli- |».iii"ii to llir cylinder form, nud 
wa» 1 ineh loug and HMsr, im-li in diaia.-lri'. Ir lirolie, however, in (he 
Fiquare end ot llu' s|ht!Iiii'1I, atioal I iiirli Iroiji the riid of tlietunied por- 
tion, thiw fnuMnrinj; a M-rtiou uliu'li Ma^ mir tlimi lar^'er than the miui- 
lunui section of the pirn-. 'I'hi.-, tili.'iioairnoii look |ilaee also ill liar Xo. 
13 (J>(i.70 eopiier. l-'i.l7 liii), I Mi;t\ iiaiji'ali' |hIaiif.-< ol" weaknetis in por- 
tions I'ftlif trst-iiit-eiMir llir i>.\i.-.ri'ii<<' ol' ial.'rual stmius gi-eater in some 
IKd'tious ol' flic iM.'iTs iMidi-r Ivst iliad in oliiers. 

All of the brittle pii-ei-s shunjd not only general weakness but irreg- 
uJfirity ol sii.ii;;lli. The upper and hiwi-r portions of the bai- often 
gave vi-rv dilliunt it'i^nib^, and difleiisl so irregnlarly that they seemed 
to follow ri > law whatever. The tensile strengtli of pieces of 'which the 
tilieniiial analvsi-; showed similar constitution, as well as the apiiearauce 
of thi- nii'tal. ol'ti'ii gave iridely-var.ving results. 

Biirs Xo. 11 to No. 1^0 (111. 17 to 73.80 tin) all exhibited similar deficiency 
of eirenglh. The i.iiiiliaiitiea of each are given in the notes in the ap- 
jvcuded talili's iinci<'i' ilir iviord of the test of each bar. The minimam 
avenige str.-it-Ili wa,-^ shown Kv bars No. ll> and No. 13 (37.35 and 43.17 
tin), ciurrsiioiidin- U> thr ivsiilts ol th.> transverse tests. From Xo. 13 
to No. I'l tli<-n> was a sianrwiial iirf-rnlar iiK'i-ease of Strength, Xo. 21 
giving ii sfi'cind niaxiinnm point of sticngtli in the Series asoccniTed with 
the tninsverse t^sts. 

Har No. 21 (23,;J5 copper, 70.29 tin) was tested at its original square 

Mwlion. on account of the existence of a cavity through its center, 

Ijel'iiix- deseribeil. Nn. 21 A showed some indications of ductility, an 

Bloiittjition of 0.01 iTirh hi'in-; ohseived. 

liiir No. 22 f_'o._'."i c d].]!!-]'. Ti'.o.l till) showed no elongation amounting 

I" o.lil inch. No. l'l' A (2n.i'.s icijjper, 70.03 tin) was neaily three times 

^•^ ilii.'tilr as No. 22 li (20.21 copper, 70.02 tin). 
r.:ns No. I'l! to N 0.211(84.02 to all tin) showed regidarly increasing ductil- 

"1. No. 1';! li Invakiug alter an elongation of 0.02 inch and Xo. 29 B 

■'lii't an .■lonyatioii of 2.58 inches. 
li;n N... 2:; A gi-.wlually elongated nndei tli-- load of .3.300 pounds for 

'*^" lainiiles before breaking, the elongation inrrca.siug from 0.13 to 

"■■''hirli. This " time-test " showed tin* ^amr i-esnk as those given in 

'li'' icst.s by transverse stress, viz, that the dmtile metals may show a 
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greater or a \em resistaiK* tn «ti-efw a^ the load is a)iiilif<l for a slumcc 
or longer time.* 

Tlu'iliictili' liju's «lifi\v.-il II Tiiiu'li KTfiiti'r unilonuil.v «f strfiiRtU in fliB 
iipiKT iUJil liiwri' )iH!ii.m> 111' ill.' ii.n-^ tliaii till' lirittle ]>ieci.'M, whcu "' " 



till 



■1I)IU 



tin' 



■Tini.--tvsi>" ..f -lii.ii.Tiliu.i 
from N.>. -Si t.. N... i.".i. uiili Hi.- 
tioii. Willi No. :;'.' A ;i ^]»-riA\ ■ 
(iittt-n-inT ill n-sistaii.-v to s!ow;( 
po.si-il fiitiivlv of till, mill !iii|ii 
pett.nl lliiil tcst-;ot III..- tw.. |>i 
tIl«lo>v.-r,'ii.lolllir lull, wonl.l . 
No. L'!l A w;is lirst trsli-d wilh ;i 
eloii-atioM or lt.l.-> iii.'l.. TliJ^ 1 
aw\ IlKTiMdiK- ;i-;iii< t:ik>'ii. sli 
.-•I ii 



■ made 



litli nearly all tbeh 
iiicivasiiiK the p|«ng*- 

.i.-tt-nii 



Til 



•' lia 



ii-iiij: .1 



lidK. it wjiilil Ik- m- 

ii|.|.i'i iiml ..III' hvviL 
ilVnv'ibCc ill stn-nglh- 
iiN. vv)ii<'h <-;m.-«'.i lun 
iii'il to I.LT'I' poiiiiils,. 



u-li. 



lo>i-,itioii 

■ loi.li Ull 



tllr 



".!!' 



K'll, 



1.4IHJ lu.umls. i.n.l ll..' .■Ioiij;;ilioii vasd.:;- inrl.. Tli.> loii.l w^.s i.lii.ffcl 
til ri.'iti;ii[i iiji till', bar for tun iniiiiiti'^s, and tlic L-luii^'atiniL ;:r:ixliial]y 
increiiwd to 1.711 iuches, wlieij the har broke. It seeiiits |irol>aMe Ihmi 
this test that the load of L-KWiiomulB would have hn>keii the piece even 
if the load of 1,71 K) ixtniids had not been plaeetiou it at tlie lief;iaiiiiig'd 
the t<>sf. 

IJitr N'l. L'!l n was then teateil in a dltJi-ii'iit iiinniier. The loa4l fftf 
frradiiiilly liiit rapidly increased to J, I"" j'liiiiiils. without stopping luilK^ 
thiiii a siiMii'ieiit time to take the n-ailiii<: nf the eloii^'atioiiH at UTS. 

l,]f«), l.i'lHl. l.tl(H), and li.lHHl p. ,1s. \t iMOd poiiiMis the ehmfnitiitt* 

was rea<l. l.ss inrli.'s. 'fin- \>w<->- Uu-n i-\t.>ii.lril v.tv nipi.Uv. anil »t 
the same time itN n'sistinu-r, as m.-usninl liv the M'Hl.'lM'iUii. irdueiil W 
1,70(1 iK.iiiiils. The piim|) of (he liy.lr-.iiijie pn-ss wiis run as fiiNt n» 
possible, lint tlie iieaiii could not he balanced by si) doiny beyond l.TW* 
IHinnils. Tiie picei' snsiaiiiod this load a few sceimds, and then hrol* 
after an elon^ratioii of li.-^s inehe.s. 

C-oinpariiig these two tests, it is i^een that the resistunce of Xo. 2SAtt» 
an elongation greater than 0.19 iiieh was uever giiMter than 1 .4iH) iioiiniU* 
while that of No. 29 B was 1*,H)0 poiiiid«, or rM pei .int. more Mian tlt^ 
former: which oO per cent, apparent increase of stn'iij;tli may have lie*" 
entirely dne to the gTeiiter iMpiditv of the test of No. I'll It miil not to it*" 
inhereiil Mlieii^'di. The fii.-t tU.\i III.- ditlireuri- in sii.-n-tli is only »1>- 
paiviil iscoiHirmi-d bv the .-\pi-iimiiils bv torsi, mii! sin-ss >.n i.ieces'fnH" 
tlie Slim.- bar. m liieli ;nv Ii.-rciifti-r iii'..i'rii..'il. Tlii-s,- sliow.-d that tor&iaO' 
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ti.tv. I 


\rl^ rl, 
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(•4»IIK(-i(H 
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iTilli.MmiximdM. I...MI 
^ .i,.»-it .■,.iiii.u.m..l. 

SI- iirri'sistiDiri'tiism 




■iiiK 1.. 


li.'iti-;! 


nt i.t riiiinii'i-, l.iH 111 
l.vllir|ii.-r.-at tlir in 
■;ill,-<l -t.-iiMritv \.,-f 


f-'^-'licm. 


r.mm! 


.y .livi. 


ui-i till- ii.^ixiiiiiir.i li>; 



iuv.l \.\ III, 

•t>- tln-sin-:i ..Cs.-i'lM.n iiiriLsTiivil ;tilci- Ini.'tiirr, is tltrri-linc ii.j iiiil 
"f (W strrrifilli or tlic 111.4:11. KvciL ill rli.- iMsrs ill wlii.'h rlif ,U 
*'*" Ktll'SS Wiw li>.t olis-TVi'il. ;iiiil tin' M^ilr-lu'^.ih (!iii|i|.cil ii|i|)iir.']itl\ lit. 
tltc Kinu- iiistiiiit tliiit ni]itiiic t<)i)k phiri'. it i-^ iml ;il\v;..vs riTtiiiii tluit 
''•*«'rea«.' of ri^sistiitici- iloi's imt lak.' |ti;Lc(.> lir.st, altlimijrli (iiily ;i IVurlidii 
<■♦" II stv^iiwl betVnv mptiiiv, mir, tliiTcriiri-, thiit till' hiial wi'timi (mifii.s- 
" ■■♦-ll iiftj-r ruiituiv) even siiKtaiiied tin? load itidicultMl liy tlie Hcale-bcain. 
Tlif tblliiniiif^ description of tlie fiaclnires bv t^n^ile stress has be«ii 
"■»iilc by I'mf. A. R. I^ds. 

'* >-:NrRlPTIOS OF THE SrUFACBR OP FBACTlTltE OF A HEHIF.S OP ALLOYS 
OF COrt'EIt AND TIN BBOKKN IIV TKNBILE STRESS. 



^'iK 1 li (all (Hijiiwr). — Color, copper-red, witli a purple film of sub- 
"Vide; siirtiwr, ill part large vesiuiilar, iu part cryKtalline, radiating to- 
*'*^nl Hijre. 

^'o. '2 A (tt7,95 rnppi'j-, 1.S8 tin). — folur, loppcr nil; mu'tiu-^ deeply 
^•*!?i«id«r; frftctiu'C, uii«veu; luster, dull, with lui^rlit poitibi. 

Ijjir No. 2B (HT.flS copier, l.Sli tin). — (.'nkir, ropiM>r-red, inclining 
''»Wanl yellow; stirface, finely vewicidju- ; tincture, uneven ; lust«r, dull^ 
^~ i til tine blight fioititfi. 

HiU' So. 3 B (95.i)6 copper, .^.80 tin), — Color, reddish-yellow; siirfitce, 
litt^tjy veaieuiar, the curved snrt'mws interrnpting ; luster, dull. 

bar No. 4 B (92.07 copper, 7.76 tiu). — Color, yellowish-red in part, in 
I'ifcrt renldish -yellow ; surface, vesicular ; luster, dull. 

liar No. 5 A (9<>,11 copper, 9.66 tin). — C'olor, yellowish -red ; surface, 
'-''^-Htalli/atiun, Hbroiis, radiate, finely vesicular ou faces; luster, dull. 

bar No. 5 B (90,43 copper, 9.50 tin). — Color, grayish-yellow ; surface, 
'■**»PBe veMie4ilarj fracture, jagged ; luster, dim. 

Hot No. 6 A (87.15 copper, l-.6i) tin). — Color, bluish-white with bright 
>'«*lJow KiiotK; surfat^ coufuswUj' vesieidar; trattiu'e, haeklj'; luster, 
"111. 

liar No. fl B (87.15 eflppw, 12,77 tin). — t'olor, reddish-yellow, with blu- 
"^H-gray ^Mtintd, producing a general iinjtression of orange; surlace, 
'""oftdly erystalUne, with siufiM'es of prismatic faees finely vesicular; 
''•**ter. dull, with minute bright pointii. 

liar No. 7 A (80.!Mt i-opper, 18.i»l.' tin). — Color, grayish-white with yol- 
'■^^v points; wu'fa«.-e, notapiiaicutly crystjilline; fi'a^iture, eoai'seha«kly: 
''»>*teT, dull. 

Bar No. 8B (70.00 copper, 23.2.'t tin). — Color, yellowish-gray; surfa(;e, 
^**'-sicnlar, with smooth interveiuug faces; fttu:tiu'e, even; luster, sliia- 

Itar No. 9 A (09.90 copper, 29.85 tin). — Color, yellowish-gray to blutsh- 
-•""■ly in dift'ereiit lights; sitrfae*, browlly-blailed prismatic^ and di^'e^g- 
"«L' fvoni epiiter; fracture, smooth; luster, splendent. 
Uar No. 10 A (OS-IS copjier, .'J1.26tin). — Color, yellow to bluish-gray} 
11. Kx. 9S 21 
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Rorfacp, broncUy-liladwl prismatic and ilivcr^iig froni i-entei-; t^ntiin*,! 
xmoiitli; InxttT Nlili^iidciit. 1 

Bur No. 11 A (Hri.;il cftpiH'r, .'14.47 tin)- — <'"lt>r, .voUow to blriisii-gniv: | 
■'Hit Tint rcaiiily ainiaiviit; tititti ire, wiai-sely w lived: 



In: 



.,l..,..i,-, 



.IT, :WM tiii).- 

-ililciKleiit. 

i|jiT, 43.11 tin). — <Mnr, bluish; aiii"6M«>, crj* 

i:itii' blades diviTfcing from center; il-Mcliuv, 



r, grajisli-white; 

riKht |»ointS. 

[■, grayiNli-wbit*' ; 

I prismatic fiic-es; liistw. 



lidor, bbie; siirfiu!«, rflarael) 
wavwl and jiitii-i' 

Bar So. i:!A 
tallizatinn ciiiitK 
uneven ; lust*T, 

Bar No, 14 A (m.27 cojiiter, :f7.3S tin). — ('oinr, bluiali-gray in i 
part reddish-fTi'ay ; surface, riystalbzwl hut not iradily )ii>iHiii.'nt; I 
ture, uneven ; hister, dull. 

Bar No. MB (^8.41 coiijier, fil.U4 tin).— Color, bloisli ftray ; 
crystallized bnt not i-eiidily apparent ; frm'tui*. coarsely waved ; liiwlfr, ■ 
splendent. 

Bar No. LIB (47.4!t eopiier, T)2.'Jii tin). — f.'olftr, blnish-jn'ay Ut grayish- i 
white; 8urfa<'e, waved ; fraetiire, invgnlar; luster, glistening. 

Bar No. 1(!B (44,42 oopper, riTrAl tin). — Color, graj-ish-wbite ; Btu 
crystallized but not remlily apiiarent, waved and t'l^ebly vesiculnr ; lin 
glistening. 

Bar No. 17 1! i:*.s..s;i .•..i>|.,t 
finely waveil vi'sii'iiliii-; lusir 

Bar No. bs A ( i;i..-i7 n.|.|i'-i 
crystalliiiation prisuialic, nil 
splendent. 

Bar No. 18 B (4;t.36 cwpiier, i)fi.40 tin). — Color, gray isb -whites ; snrfitee, 
cjystallized but not i-eadily apparent, teebly vesicular ; fracture, in*ft» 
lar: luster, glistening, bright lines of reflection from crystalline fkoee.. 

Bar No. lil A (40.;ia copper, 59.46 tin). — (.'olor, grayisLwliitei f" 
face, crj-stallizatiou eminent, prismatic ; tlip prismatic faces large ■ 
striated: prismatic angle, !)1°; Itister, splendent. 

Bar No. lit I! [40.24 coj.pcr, .W.44 tin).— Color, grayish ■ white ; 8ui*o(i| 
cr>-stalliKati(>ij niiiiiriit, [.risinatic: liislcr. s|ilciidpnt. 

Bar No. '2U A (L'ii,.~i7 .■ii|.iii'i', 7:i.iis ijn). — Color, grayish -white} aw 
face; cTystalliKiUion i-niiin-m, tlic fiii^cs in inut prismatic, in part baring 
an octaliednil aspect : luster, splendent. 

Bar No. 20 B (L'.'i.lS cojtper, Ti-SI tin). — Color, gni>-ish-whit* ; wW 
face, crystallized but not i-eadily ai>]»arent, waved and fM-bly vesicoltf 
fracture, rough ; luster, glistening, with liriglit surfaces of reflection- 
Bar No. 21 B (.3a.8tt (wpper, 75,(W tin).- Color, grajish-wldte ; 
feebly crjstalline and vesicular; fracture, hackly ; luster, glistening, i 
bright ])oiut8. 

Bar No. 22 A (20.2S copper, Tit.'W tin.)— Color, gniyisli- white ; surl 
crystallization einineirt. pciNni;itir liU'cs inc;;uliii'; Inslcr. .ijilciidcnt. 

Bar No. 22 B (20.21 ropiMT. 7M.i;-j (iul,— Color. ^Tiiyi^li-wiiitc; surfoCft) 
confusedly crystalline, with juiMruilir lin-i's: Insti-r, .■i|<lc]i(lt>iit.. 

Bar No. 2^ A (\n.V2 coijjht, H4.r),S tin). — Color, gi'siyish-whit*', in pltf 
with yellow tiiniisli; surihce, crj'stallization eminent, broad {uismo' 
faces, radiate; liisici-. splt-udcnt. , 

Bar No. 24 11 (11.4S .'oppri', 8S.J0 tin).— Color, grayish -white; sttrfii* 

rstnlizrd lihir.iis: liMriiii.'. Ii;i<-]c].\ ; bister, glistening, with bright U*'^ 



of 1 



I III 



;j!s. 



;m.I2 till), — Color, grayish-white: em 
iriTgiiliir and ('.■.■hly v.-si.'iilar; liist.T, dnll. 

Bar No. 2(> B (3.74 copper, 902 tin). — Color, griiyisli -white; snrflk 
flbmiis, in part slightly rcsicnlur; luster, dull. 
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r No. 27 A (0.75 popper, 98.98 tin). — Color, prni.visli wlute; siirfa^e, I 
18 ; fracture, jagged; lustei, Jull. 

PnOtOOBAPHS OF PHACTUKUa. 

The surfaces of fra<;tiire hy t^insile aii<l trnnaverse stresBes, which -k 
ibmitted to I'mfesaor Leeds for description, were also photographed by ; 
im. Copies of these photographs are presented with this reiwrt. 

CoDBiderable trouble was exjffirienced and a gn^«at deal of time eon- 
imed in monntiug the pieces so as to obtitin tlie proper eSoct of light 
nd shade iieceasaiy to show the peculiarities of etructure of the fmc- 
ired sorfacee. The best effect was fin^y obtained by niaguifjing the 
aa.ge of the fi'acture, so that the photographs were one and a half times 
le original size of the specimen. In general six pieces were taken at 
loe, as it was found tltat if more than this nnniberwere taken, thedif- 
irence in structure, and consequently in reflection of light, was sueU ■ 
lat the treatment necessaiy to obtain good pictures of some of tlie I 
ieces was not suitable for others. 

In this way twenty-two plat«8 were made, and these were aft«rwanl 
>mbi»ed into six groups of four plat«8 each, and reduced to about half 
ze, or ti) about ttiree fourths of the size of the specimens. The «ix 
Lates thus formed are those submitted Jierewitli. Tliey are numbered 
'om ITo, 1 to No. 6, and the following is a key to the airangement of J 
le fractui-es which are photographed in each: 

tf to the Arrangement of Photograplut of Fracturen of Copper Tin AUoy$. . 
Plate No. 1. Pl»te»o. S. Plate Ho. 3. 
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3 nombers which hare not the lett«rs A, B, C, D uuiexed ue 
B by transverse Btress, those with letters affixed arc teusUe frac- 
rtpfis, exce}it the five piei-es in the upi»er left-hand oomer of Plate Ko. 1, 
Jhich Were fractures by torsion, antl No. Itj A and No. 19 0, in Plate 1 
So. 3, the former of which is a side view, showing surface markings of I 
^tallUation. The latter was an iw^cidental fr.icture, which shows a ' 
uiglily crystalline structure. 
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lESTB BT 3'OBBIONAL STRESS. 

After l>reakiiiy tbe piecps Ity tensile stress, aa described above, d 
square ends of Uie fra^'tured pieces were turned into pieces suitable fd 
tests by torsion. The standard ^bape an<l size of these torsion pieces ar"^ 
shown ill the sketch below: 



The pieces were turned with gieat cure to a diamettr of 0.035 inch, i 
measured hj a standard gauge, and the distance between fillets and Qi 
shape of the fillets were uiiule uniform by comparing with a standai 
templet. The pieces wbjeh were too brittle to be turned Id a 1 
were shaped by griuding with au eineiy wheel in an apparatus desifn^ 
for the purpose. 

The pieces from each bar were marked with the letters A, B, 0, Dj 
addition to the number of the bar, these letters coiTesponding with tbtifl 
on the tension pieces, A beinp the piece nearest the top of the bar, 1 
nearest tbe bottom, and C and t) fix>m the middle. 




The tests by torsion were made in Prof. It. 11, Thui.stim's niachiM i, 
testing the strength, elasticity, shock-resisting power of resilience, Bl 
tbe homogeneousness of metttl. The mati'j-ial is tested by twistiiig,! 
which is obtained a great range of distortion aiul the most favoi"'" 
treatment for reveaUng all the characteristics of the teat-pie«e. 
latter is placed between two indei^endent Jaws, one of which is rot 
by means of an anu in the .simpler styles, and in the one here illastr 
by aworm, L, and gear M. The force thus applied is transmitted tbnni| 
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I t»wf-jii <■<■(' 111 linr otliw jsiw, from which ili-]*u(ls a wcifiliUil arm ur 
llUiilmii, H, Tlie ivsintiiiice uHi-ivil liy this pfiiilTiIitiji fu the I'oixv 
fSltliiiKt" ilrth-rt it tvnu\ llif \ iTtic;iI.c;i(is,>s that (oir.> t.i rt-iii-f iijiori 
■ U-st i.ir.-.- i.iiil |.n.iiii.'v liisl.n-li.in anil IVii.tiirr. Th,- ;(ii-ii!;ir |«.^i- 
n assiiiiif.l In Mn- iiciiihilinM is ii Tiu-asiin- ..C th^it li-ivr. A |H-"i'-il 
-.vnmi t.. till- |.cit.lnliiMi ami i> mov...| wI.,ti Mm- h.tti-r i-- tlinist li.r- 



iixl thr (X'lK'il lia 
the two clMlsnl* tlir Irst pit-.*.', si 
jriilly •Ii'Nn'ilH'il liy liic prii.-ll >i)>< 
bL-(.'<>ini's a ]iii'asiii'i-»rth<' il<';:]i'<' 

ght 1111'ii.siin's llu' ri'HiHiani't- otlncil by lln- uiatciial. 

[■ matirial Huw tvlls its own wtniy, thvuv elcmciLtM rt-cnrdiri}; thi-iii 
H siiiiiillaiji-'iiislv Htlcl rntitiimiuisly IVoin the iiiitJHl piiiut to the ]iiiiiit 
^Iial nii.lTiiv. 

'■ .i>l.' Iiv fill- raavhinc slum t.i ihi' i-vi' al ti gliiiK-.' iIlc 

lial t.'^t.il aiKJ aiv vriy .■Imriii-t.ristic. 
MJtli this laarliiai', tin- ti-st |hiccr, i>l' the I'linii shown 

|l ]m-\ iMll^. i,a;;i-, i-; ]>lar,..l In llir jaw<^ .it thr Iw.. W irpifln'N i>;u-h of which 

tak«'H OIK' of it- M.|aar.'.l mi.U. ami for.v liHi.f: a|.i.lii'.l t.. the haialh' I,. 
th.' slr.-ss lliniwii III.OII thr siH'riiiiCTi is IrariMiiilt-'ii tl.roa-li it U< tlu- 
Wi'if-hl.-.l aiTM II, .■aiisiii^ !l i..swiii^riil.oTit itsavJ.-iiiLtil Ih.- "..i-hi .■\rrls 
a momi-iit of iTsi.siam-i' which c(|nililii'atcs tin- uLiiiiLi-nt of Ihi' aiijtlii'il 
forte. At* the magnitiifk- of the diHtorting forci' ihaii;;rs. iIlc |">siiiiMi 
of the weiffht mmuIImieoURly cJiiU(ge«, and the jM^ucil imli'-atrs. at ca.h 
instant, the value of the stress njinii the test-pipce. As l In- |ji{ic ,\ ielils 
iimler stresst'M of iiin-i'asiiLi; ainoiiiit, also, the i)eudl ipt cairied in Thi- 
Uln'clion of the eiri iiMilirfnre of tho eylinder on whieli itn n-<'oni i» 
niHile, iinil til a ilistanii- \\ liieli is pioptirtiunal to the ainoLnil of distortion, 
(. ff. lo the "total allele ol loi'siori." 

Ids, aiid flniilly iiiptiiif 



the 



t" 



> »T 



itixtai 



fro 



the 



sttirtia 



Keterriii- to tli.' dia-c; 
ajijieiKled to this repoi't. 



hi<'h the test-jiii 
■aph-te. 
ill making these tests, which are 
I the vertical scale of the iliagraniN 
the iiori^oiital scale is one of total 
angles of torsion. ."Since the resistunce to shearinc, in a homogeneous 
niateristlj vaiies with tJie ix^sistance to loiif^itudinal stitss, it follows that 
the vertical scale is also for such uiaterial» a scale of direct resistance, 
and that with apjiroximately lioinogeiieouH snhBtanees this scale is ap- 
|iriisiniat('Iy uccnrate where all sjiecimens compared are of the same 
dinteTisions. Since the elasiicits of the material is meiwiured liy thi- 
mtio of tlie liistoitin;.' tmic to tlie de;;r(-e of tcnijwtrar^' distortion jn'o- 
diiced, the diafrrams Mill exhibit the elastic pi-opeitie^ of the material. 

Bwell IW mi-usan- its ilmlilily and it.s resilience. 
% will b tiled also in these (iiagranis that the first jmrtion of the 
I is nsnally a curve of small railius, convex toward the axis of al<- 
jwis, and that Ihe line Ihcn rises nt a slight inclination tVoin the vw- 
tieiil, hnt Ix'wiinirig very nearly strai'iht iimil, at a point some distanci- 
iovc the origin, it takes a reMT^id ciir\aliiie, llie lirst portion of the 
]!n- is pnjlmbly formed by the yieliiin^ nf the pa eking- pieces securhi;! 
e lioads of the speiimcn, iiial, alter they have taken a Iwaringj by the 
Jy jirtding in some nintcnals of paiiieles already overstranied by 
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iiit«i'iial 8trcKS(>K. When n firm bnldbioliUiiiMl, tlinliui' lH?<Hjmu« iHwrlf 
Htxiiijclit, ami tlie anioiint of tin- (lint*>rtioti is stf ii to l>n apiiruxiinatel; 
proixiihinml Ut tlii' lUsturliu}: fnnic, Jiinl tlic iiu'linatiun of tlie Itiw k 

tlicivroii- ii lu.-ai^im- .pI" lli..- slimuMs r.C rl.c iiLiilcrial. 

Tilt- [Kiiiit "T rli<' liiK' wliiTc ilif iv\i'!>.ril ciiivaltirfl tiikiw |tla<») marks 
till' liinii i>( clasiiciis. [Imr is, iln- imini :ii wliji'li tlu- il {» tort ion intreoaM 
.sikM.-iiU riiiK'l IV v:t\.u]]\ IImij ilu- .\\>i>]\vi\ U<i 

TIk' Imllir iiu-lals. iiiulii<'K [|>.'s.'.'l:isii(' liiiiii^iuvnot mK^heil iMsfors' 
tViirlTHi-, ;ils.iili> mil ;;i\(- ill llii' l.iiNinti ili;i;;raiii iill.V Ciirvti with reveiwrf 
i-f, liiit t!io liih's lis.' ii<-;irly siniifjlit, with a aliglit iimlinatiwt. 



Til.' f.ilto' 



■lll.-f 



|>IiU' 



mkI I 



Nt-ii1iiit;i"iiiit 
rlio flastir liiiiii. Ni.i 
IKirv witli il 111.' iii.'lih 
A|i.-rtV.'llvsli;ii;;lit 



..I llx' 



Ljit«n>i'*^'^u'tl the tlia^-ams: 
X 1)/ the malrriui. 
i.rtion of tlie <liai;ram Itetween tlie 
iiiTip' ut' (!ii-e<-tioii wliidt iiidicatet 

nation tiiiiti the vcrtit-al ami 

.•it\ 



■vlaf 



'iirhIlici'lapilii:-liriiit,fnTri'i-tly|inralWwftli 
■K the iiiatut'iul t^i he A ..„,.»/('« -■(.((* us In xlrainfi 
'. ('., til I'l' f'n'i' I'niiiL iiid'iiiiil Htiiiiii» such a** luv |ir.i.!Tn-r.l liv ii'i'i'^uloit 
;iii(l raiiiil I'lmlinj; nrhy wurkiiig two vnh\. Aii.v vaiiati.iri lioni this linift- 
imlinitcs the tixirtU'iicu and inc^ttitres the iVHioniit tit' tiiiiiiii. A line t-'on-* 
wif1ftabl,\ vtirved exhibits the existence of siieU sti'aiii. 

Xext exatiiiite tile fortn of the eurve iiiiniediately after pnssiug tlu) 
ehisiif-liniit. 

A line rising from tin- elastir limit r.'i;iilaily iiinl siiuH.tlilx , approsi- 
mnti'ly pnra1:>olic in f.itin, lunl .-uiK-aM- tnwaul l)i.- has.' iiiii.', iiiillciiH'^ 
h&nuiffPneoujinfiig to Mfiiirlm-t ami llio aUs.'iii'c (if'su.'li im|HTlW'tioii« as are 
prodnced in wrought iniii liy rimler, or in ca^it nifliils wliit.'h have befH 
worked from ingots, by porosity of the iiigotf 

A line turning the comer sharply when passing the elastie limit B 
then nmning nearly or t|uite borizontal, as in iron« usually and in li 
steel, or nettinllv bccomiii;.' convex towiii*d the IiaHC line, us with «ome<3 
the w.i.»l,s, aii.rili.-ii after a time ivsiimiu- iipwaiil !ii..\i.m.-iit bv takin 
its profier parah.ilie |u<tl>. indieales n .li'.i.l.-.l \\.,ut «l' Iliis Uiml of hiimC 
getieily. Tli.' i.-lativ,- leii^-th of the ile|iress,-.l |i..rti.>ii .>!' tlie liii 
the a 111. •mil .)!' .le|)ri'ssion, measim- the i'elative defeetivenessof mat«a 
eoiiiiiaivil ill llii- it-spetit. 

Finally .'.iiii|>air the diagrams piiHlnee<l by seveiiil speeimens of tl 

jrii'al.'i- o]' less varialion ni Hit- .'iiivi's i'oin|ia]'.'.i imlical.-s a ^'n-ater o: 

less dilleienee in the speeimens of wliieh they an- unto/^Tiiiih.s. 
JIatenals slnmld usually exhibit greul boiimguueounuoMs in all tlWB 

three ways to be iwrfectly reliable, i'w-fe*:! houiogeneonsness m nobi 

be expected in either respects 

(!?) TVj di-trriiiine thi- rlnstir rmlstrnKv nf the npecimen. 4 

Measuiv Ihe !i.-ij:lil of III.' enrve at the ehwtie limit, nsiug thtt tuMhla < 
' ■ i.s given for esieh machine and for t 



I.I s 



.■st-].l. 



Ilie reMnt^ince ofcred to nny gireu 
thnl pn-'luiii:;! 11 i/irm net. 

Miasiir.- til.- liiii;lit of tbe curve at the point wbo 
trill iiieasni'cM tlii" assnnie^l degree of wet, 
;4] Tl, ilffrniniw llie iiltiiiiati- i-fitiHtiiim: of llii- rnxt 
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tmire in a sioiilar luaiitier the maximum hi^iglit of tUe tmrve. I 

_JVj lUtt^rmhui tho rentiliewtt of tha piece within the eUmtie limit, i, e., I 
rork reqiiirfil to |n'oiliin> an cv-liiunt ami permanent a«t, appn>xi- 1 
"yi>roporli<m;i! in auunuit t" ilir iie;;ree of chatige of form of the I 
,oeu. {TliU iiiiiiiiiiii/ iiryisruis ilni power of the material to rejiixt 
\ ami its ilL'li-i'iiiiii.iliiiii is I'viili'utly quite as tmpnrtauC a!^ that of 
I! to Kiiii;ilti !jti'i!ss, which laLtL'i- furm^ one of tlie factors of the i 
imer.) I 

Vfeasiire the area eompritied between the ordinate of the curve at the I 
^tic-limit aud the initial \rirl of the oiii'vtf. Tliis quantity is projtir- I 
iial to the re(|iiii-ed vahic. 1 

H) Trj detKriaine thit reiiili4!tii-e of the iiititerlal itiUhin miif ansumti limit , 
rJtenHioii, i. e., the mii^uitmte of blow rei|uired to produce a given set. 
Meaaiire the area of the curve up to the a.SHiuned lindt. ' 

[7) To dHermiiit the totjil msilieace or shoitk re^iiMliiit; power of the 
iteiial. 

Ueiltiitrf tlie Nital iiiea of the diafrram. 

Epr ductile nH'tidw :iii iipiii-oxiinate vabie \h ohtiiincil by l-.tkinj: two- 
He tli<- |>r<iiliii-riif Mil' riiii\iiiiiittL liTcirtty l>\ llic iii;i\iiiii'tiii ■•Mi-nalon. 
Eanl :Mid v.-rv biittlr !i];ilrriitl,s .iiii'-li;i!l' llir siiiji.' |.rc..l(ii-l ;,'ive»very | 
Pcatt'ly its v:ihi>-s. I'nr iii[<'i'[[irili;i:r •|iui1ilii'> lilt- I ni>- \;iliLf is mow 
!frly twii-liiij-ds (liis |ir.iiliirl ; ;ilsii .SM.-(li-;li «ron;;lit iron, white cast 

II Mtid liiirili-iii'd sri'i'l, il!u.>l]'ali' thr lirsl ;itiil the »e(!<md ebmmis; onli- 

S) 7V. ili-li-riiiiii'' llir -ffiH „f a Imi'l ijircii in iioiiiidii per mpmre inch o/ 
■r«n. 

[•'inil a point in the curve having; an altitude which measiiitiw the Riven 
■vtiH, the Hbitcixsa of that point measures the exteuKioii under that loud, 
[n other words, si jtoint Iieiut: found in the nirve, tlie height of which 
Live the Itaae-liue is etjiial to the loa<l i«;r square ineti, its horiKOntal < 
itaiiee f'ruui the ori^ii mea^ui'es the extension of the material tvs pro- 
tsed by that strewn. , 

BL;caien latin;; tlie torsional mumentji from the diiigi'ams the scale tiHed 
'im followin;.'. the 100-pound weight being used on the arm : 

Kmrni'™,™'" I = I('™''«" "' ordi,i«tfx 117.44.1)+ ll.S,->0|. ■ | 

tlie followinff scftle was used : 
leuce, in foot ]iouuds of work = (area of diagram in miuare inches 
jn.4!Hi) -f (nniximnni abHcissH in inches x 1.8ii;i). 
riie.'ii- siali-s win- dotcniiined by careful exi>eriment and measarement 
I'll till- )ii;i< liiiic ii.sed in the testfi (" Standard" machine No. 7, Stevens 
-.liliite "f TriliiiHlogy), 

III euniparing the iiiitogniphic stritin-d la grams of tlie torsion testft 
rb die eiirves of tests by tiimsverKe and ti-iisile stressis, made by plot- 
p the ttgiu'es of tlie records of the latter, I'Uitc \"I11, it will be seen 
it with eaeh Imr there is a very marked siiniliirity in ilu' shape of its 
[■yes pro<liired by eaeh of the three mi'tlnids ot" tcwt. Tin- ihietilema- 
-iala, bv either ku'IIk"! i>f te.sl, give curves wliirli becotiie iiearlv par- 
al to the axis of the abscissas l.iiiii bi-ti.rc fractiin-, wliile the brittle 
.terials give I'ui'vcs in wliicli the reversed i-iirvt, concave to the axis of 
tteiitKas, never lakes plaee. 

Ui tJ-sting the torslcm pieces of all bars from No. 1 (all copper) to Xo. 
|7(i,ti4 coitpcr, ■JJ.1,'4 tin) inclusive, the weight on tue end of the arm 
tbe torsion tiiaclijue was 100 pountls. In testing all the i-emuiuing 
HiIh the weight was either wholly removed and the weight of the ami 
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alone fiinuHlicd tin? diMtortiiiK ami breabins fim*, or n weinlil of! 
]Hiimds WHS Milifititiitcd Cor the llXt |i<mn(lH. In csiiciilating tlii' wtrengt 
ami tin- rcsiliciicG from tluMliaKniins, tlii'oriliiiati-ifdl'the i-nrvp Rrenm 
lijilird li\ :i Ki-oat^T or less fiiftor iH'coriliriK an tlic j;r«'«tcr "f '«'«'' »"«gi 
w;ts iiriiil on |]ie ami. Tlii' (liictilily of tlit' nialfrial is tiit-Mmii'pd l\v tin 
iiiipli- 111' torsion ami in iiidcpi'iiili'nt of tin- wci^lit i 

III luMilioii t»lli.Mli;ii.'niiiiM.tah1.-Mar<'ii]>p<'ii.l.'d ^rivlnt.' Ilif IVHnlti^ 'd 
Mil' <'j1lrnl;)lio]|.^ iiiitili' fiiiiii iIk-oi. t i/. t lir ^itr:i ..f thr ,\u\<ir.im. \rilh t\>a 
tvsiliMiri' r^ilnilalnl tlii'ivfiiiiii ; tlir iriMxiiiiiiiii u]'.lii<;<ti'. \\itli its o< 
s|ii>iiiliit;.' iii;t\iiiii)iii tiir.sJDiiMl Tiinini'iil, » liii'li is ii|i|ii'ii\iiiiat<'ly propor 
tioiial U> tilt' ti'iixjii' sln>ii<.'tli <ir fill' ijLili'i'i^il : tiir Miiliiiatc at fix- piaatl'l 
liiiiil.Kilh its ■••iri('S)ioiiiliii;;' loi'.^ii'tial iiixiiii'itl. wliirli is also apprnxt' 
inalclv pi<.|.oitioiial 1.. tlir t.'Tisilc sliva-tli :il tlir .>hi--tii- limit : aiid tlw 
aiiKl"' •'!' loi'^i.ai. aii<l tlir i'\t.'ii-ina in pai't.s of its ori^'iiiai k-ngth of u: 
cMi'i-iiii' flliiT .ir liiir (i| |iiiitii-|i- >Mi till' KllHiK'i'of the cylJuclricalpurtiH 
i-l fnim titf angle of torsion andi 



of llll- 

>li[ 



'll\ 



• hii 



lahl.' 



in ^^ l.icli nrp jrivcii the results of tlic rah 
i(> i.f till- aal(i;:i-ii|i!ii«- iliagnim of fiii'li Ifstiiii-i'i'. a i-onilMlsfil 
las lici'ii niaiic, wliicli is givi'll liclow, wliirli j;ivi'S tliP iirrraflTtS 
ri'sniisof tlii-Ki'vi-i'al ti'st picivn fromfach hsU'. In iiuikihn theavenipw. 
tliosi" tfstH which art' e\i<lf atly niisatisfactorj-, from the prescnw of iiiTg}- 
Irtow-hoh'M ill the renter of tiip ffst-siiecimen, are n-jected. I» tin- taliiw 
at tin.' end of the n^ixirl the tests which are rejected are iiidii-ated. 

T*Bi,K IV,— Tkhts uy T. 



Firal irrin, — Copper aud Tin .(Hui/s. 



I'. \ 



DyrnM.ll 



OtdlaaU. 



3ipa ' 0,-n 



Tonlq 


^ no- 


h 


; 


1' 


ft-lbi. 

rana 

IM.M 
1M.IH 


K-tt.. 

33.17 

37. as 

it.M 

7«,:f* 


IE 



0. oomi 9. us 



31" 




TESTS OF METALS. 



XOTRS ny TUB TKST.S ItV * 



I.lllll b. 



lir.vtlmii No. l,iiM 



HiflOS. 

Ii:it llu- J'i'l;ilj\i' sri-('IJgTl'l I 
;is r-'iiri'l l>\ 111.- ti'Mfsliy 
tl.r ■;;iiiii- iijii-s liy tmns- 
, .'III hIioux niiK'h givatci- I 
'xin'cLifl fnim tlip siKtiifry 



SI' of Khfiijrtli ill tin- .•4cHc8 to No. 7 (-SO.H.'i I 
II liv tbi- otbcr ivsis. Tlio slTi'ti;:tli tlii'tt 
((i-_'.:il <-i.]i[iiT, .17..'55 rill), till- winikt-sr of rill- 
Mkiii'ss mill irn'pilarity aif ohsi rvi-d in Ilii' 
lTi.h.") ciinjcr, 7.'i.8(l Tin), a« was fibowii in llu- 
■rsi- slii'.ss. Till' s'Toini iii:i\]itiiim iiiiinr of 
Nri. L'l |l'.'!.'!.l i-op]ii-r. Tli.L'il liii), from wbii'li | 
, ili'iT.Mscs to Nil. Lll (iill tin). Thp Piirvi'i 

(I'bitt VIII) i 



■ n-snlts.il* llH-lw 
H.-IViTiiijr t.. tli(> ;iiit.i-r;i|i!ij.' sti aiiMn;iL'i;ii.is i,l 

I'luti-N XXII 1.1 I.WVn iiiirl to l!ic l;il'l.". of IV! 

lie (liiiyriiin nt r;i.'li ].i.-.'i-, Tli.- f..llo\viii;r ..l.s.-rv iili. 
S(.s. 1 A. ] r, 1 !». I'hitr XXII (ciist ci.jiikt). J 

nil i.f blow liol. s. mill llir ri'siilts an- of uo ' 

^lll■Illll■ssln■^^ of Ibis nif tjil as oriliiiaiily nist. 



li-.-it. 



For Mil 





I'Oh 


iv torsion 

it.'il from 


■f til.' 
I-l-l.t 

StllM 


to 
ilni 


simw till' 

i| tl'-StK of 



■f,l,l, 



. .'ill. 



.-...- .sXXIl,XX]IIjXXIV(y7.SII<'opi>ei,l.!HKin}.— Tbfiiiii-tv , 

liiiki'.l A ;iiul li wi-iH »oiiii<l and i^ave gimii ifwiilts. Piccf.-f (' nii<l !> 
•iitiiiii.'il .■scvniii bliiw-hiilfM, aiwl ait! rejecH'il in the aveinnfs a« iletfeft- 
*"«•- Till- fai-ts tbat two of tbeHP iiiwcs weif Htiimger tbaii tbt; otlim's. 
ndtbut tbL- weaker jhci'cs wi-re takmi fiwii tbe tniiblb- iKii-tion of tlie 
ar sbow thi- t'aiine "f ibc ib'f«'c(ivptrniisverMf «fivii{jtli, nnil sbow also 
'»at tbe <lffoi:ts in sniiit' .if tbc burs wcm bn-al ami ilid nut extonil 
fii-oiitrlioiit till' ivliol.. b'Titrili. Til.' |iMii« A iind B sbow ii IiikIi defn-i-.- 
f 'iiK'tility. til.' totjil iiii;;b's t]ir.iii;:lt mIiIi-Ii tlii-y wciti twisti'd bi'ibn- 
li|it.iin- iK-iiii; LiHl ami .'i:!!! ib-^'tv.'.s ivs|..'i-tivclv. 

, >ii.;i.l'bit.-sXXV,XXVI,XXVIl. XWIM (HO.fWoopiHT. .'Uti tin).— 
'Ii*' loni' i>ii'i'i's tcMtfd tciv« rpsiill.s vai-yiii^ fiinn lliX lo IHl timt-immids 
' li'i si.inal iniiliu'iit. Tlie apiioaniiicc of tin- I'rartiiics diwi not iiidicatcr 
'"■ ii';isiiii .)f till' variation. Tbv '(itii>iiiri'Nt iiiii-f Iiiiii tlu^ gixtatest iliw- , 
'itv.iind til.' ni-xt to llicsti-nnyfit lia.l tlic li'ast dmlilitv- 

Nil. 4. riati^s XW'lll. XXIX {'.12AI .*i.|>i»'r, 7.SU tin).— Tlie piiwH 
•l-icii from till' i-ii'ls.if ibi' liar, iiiarkf.l A ami II. ^avp tbe wanie strenprtli. 
'■■-. 1~:< fo.>t |ioiim!s .if iin.iiu'iit, «ImI.' til.' \,wv(-H tmm tbe middle of \ 
'"■ liiir niarkiil (' iind I>, n;\Vf> only 14(1 and 140 fuut-jioiiuds i-esiiert- 
•ly. Till' diii-tility varied in tbc sanif diiii-tioii a.c tbe strength, tbe ' 
' '- '■■ " iidH having extensioiw about twice us great as pie*'er 



N... 



Ibe 



iblli'. 
I'lal.' XXX (!MI.J7 



' <■ marked I> Im.I w-vr; 

I o3ci<U/ed. similar t.> t 

i> of tbi« bar. Till- j.ii 

Mii' ajrreciiif; 



i'.i|i|ier. '^.'^^ till!. — liritli jiiiH-es from tbe 
■f.'.-fivi'. Tb,' |.i,-.-(' rmiik.'d B hadalar(,'e 
and ii.'aih half an iiu'li in dtaineter. The 
;iisiis]..-.'t.-d hi-f.a.' Till- l.'st was made. Tlie 
'iiiiall bbiw-hi)les, and a i>eculiur dark eolor, 
t which has been iiot<« under the tensile 
■s A and (_' were sound, and gave i-esiiltJ* ' 



I. 6, Plate XXXI (K7.15 copper, 1J.7.! tin).— Tlic torsional -strength < ..t 
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tli<^ fuiir wjM^i'w.t vaiiwl litun i;i4 to 182 t(M>t-)Hniii(lH. Tin- i'rtiftiinw ulioi 
the <^>ausc of the (Ufti-rt'iice, The fiiu-tiin-s iil' pieces flxmi the upper tin) 
of till' biir, A and C, «bow tlie same w-piiiiilioii of mctiilft wliicli lm» bvti 
i-emarked uymu iri the traiisvei-se tent ol" tliis !i;m-. Then- aiv two difttiiict 
colore, gohk'ii-yt>lIo\v aiul silver- white, miiinliMi iluixii-lioiit the mirfku 
of fracture, wliowiiiji lugimtioii uf the ineliil inlolwo ilistiiiit iilloyH. Tht 
piece niiU-keil H, rmm li.e (iij(>er nid ..r rln' io«e]' !i;ill' of the \»\ , 
sliowexl this .se|i;o'iitioii, liiil in ^i uin.'h li-s.s ilc;;|-i'.-. i.i- nithei', the iutW 
riiixtiire of the Im.i ...Ioi^ uas imteli ■•li.s.'i mii.I liner, so tliot a eliwe ias 
spectioli Wiis i'.'i|Miieil in ..iiln- to ii'.'o;;i[i/e it. Tlie fi'iirtiire Wjiji 
what siiiiiUir l<> Hint of Ihr teiisi.ii. l,-st-|.ie,-.>. No. II It. In the tonooi 
|ii<-<T. floiii the loweieii.i ..I llie hai- No. U II, liiination was Hot .ihsenUi 

lile. arid tin' IViirtuiv :i|ip<'nn-<l .|irili- li m,.|j<',>iis. and of u illiifom 

{.'ohlen v'll"" ''ol'"-- .--ii'iiho- li> that ..t Ni.. .". A oi-C. As iiiieht be 63 
liceled. this pii'i-.' wiis the stiorinrst of thi' I'liiii'. it.s iniixiimilu torsioM 
of the pieces A, C. and I> va 
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■.si„-..liv.-i.V. 

' lit' 



isidei-jilih i.'ivalertli« 

siLl-fai'es or fnielui '. 
e ill a loaiked (U'Stf^) 
.1 r have the in-epilji 
■til' of all brittle metal 
lilit> . siieh an eiUt iKfl 
.i.tli, and lies f 





Fig. !i 



\■•i^ 



10. 



Tliis fravtiire is (rhara<'t*'ristic of wronfjlit iron (Vig. (I(»), und of rf 
metals which are similarly dnetile. The fraetiire of the piec* innffet 

1) was partly diafjoiml aud pai-ttv iiei-jjeiidii-ida]' to the )i\is, showiOB 
a structure wifli a ehata.-tei' lii'tw.'en th.is.' i.f piei-.'s .\ aiul li. 

The analyses of the tarnin-s IV.. ai the iipi»'i- aad lowei' halves of tlWi 
l)ar do not show aay variation io e'laipusitioa which caii aeeiaint for tI>*J 
viiriation in stfuitio-e -ir in stivny-th. Tlii' ei.ai|iiisition of the 
Miixtiile Mas Sli..-jT en|.|ic.i', CI. CI tin. iMid llie analys.'s ;;ave for lh« upj)!* 
half of the har ST.],''. .'i.iiiHT. IJ.li!! tin, and loilhe hiw.'i half S7.1.-,('opperJ 
lli.77 (in. The .lilfetenee in .straetoie is possihiv aei'oniited Ibr bv tlltif 
more rapid <-ooli[|g of the tuetal at tln.^ bwer end ol' the niohl, which a 
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itiM ])iwmil H seimnitiuii of tlu' mt-tals, or it may Im- tliut tlie ^rvutor 
n- siiNtiiiiietl by the ninltfti iiiohil al tlir hutloiii nf the iiiolil pri-- 

I siK'li si>)>;ii':itj<i[i iiiMl lvikI.'iviI IIji' nu-fa] iiioH' I'oiiiiiiict.. 

li<,i'^itiori «hirli is ol.s,-nc(l in Hi is l.iii ;ip|,r!ii> l<. h,> of il ditft- I'- 
ll i\1ii<'li tlu> ii]i)M-r 011(1 
III iiio]'.' tin. TlieviM'i- 
■1 luLhrs.ifI.ivr No. U 



van :i 
lillV.r. 



i.r i.or 



;.s 24 i,rr 



-l.;i 



iirs 


N..S. 1 1 a 


'IT 


■r.nu\ ll.r 




.- il|i|..t;i 

1 tVuIII III. 


1 1 t 


i<- i>.>rt 



Illj 



uriiU'ivMsi-il f;riiiiiiiill, 

ho Ifttr wtiH rlieiv uiiy aiipi-ariiiici' of a niottlfil 

II bar No. a. 

The t*iKt» by fniiisvcFK* «ti'r's« .sliiiwi-d tliiit li 
tauKvei-sp stivii^rtti til 
^wn-t' of t 
riu- fii.i t 
titliw pii'i 
ntft'ii^rtli, 
tniiisvi-is. 
Hitii i 



■sis 



V In 



Httitl in 

til.' |..'lr>lllJt;.'f of (.■op- 

lull, Hiiil ill no imit of 
li.Mure .)f two volorH, an 

• So, <i \iiu\ i\ miidi It^HR 
No, ,'» or Nij. 7, ami if iiiliiMliuvd iii thu 
■SI' NtM'HM. wiiiilil iiiiik*' a lin-ak in Uh n^milarity. 
iti'.c. No, IS B, of tlip Kanu' i-«miHi»itiou as the. 
ir, liiiil siicli a iliflcn-ncp in stnu-tiire, «olor, 
ii.w.s tliat th.' \nMkiii-ss i.f lli.>b;ir. ;i^ li-stcd by 



i.r..,. 



I lii-lii' 



('<! II 



llu- 



ii.l r 



f.i I 



liar 

tllti SUUIO 



iivita^e results of toi-Hion terts siveii above, 
Hi.- ivsiiltsi.! til.' t.'stsi.r til.' pieces A.C.aiiil DaiH- rejetted asdol'ectivc, 
"ii.l til,- j,i,...,. li is .■„iisiii,.ivii the oiilv Ki.iiinl )iiecf fwini tin- bar. 

The curve |di.ttc.i tioni this t;il'h> (I'hUe III) tliini shows a regular in- 
RTcaw frijin No, 1 to N.>. 7 (all .-.jpiier to .so.'i:. cojijipr. 1M.«4 tin), without 
my «ueh break as it wmild liiive if the three jjieeeH lh)m the wpiwr por- 
tion of bar No. ii wei-('iuliiiilt<-d in the axeni^es. 

Mo.7,I'hite XXXII (80.<(,-> eopper, 18.H4 tin).— Thepiwe from the lower 
nd of the bar No. 7 B van fonuil, ii|)oii tet<tiii^, U> contain a lar(;e 
■avity, similar t^i that in So. 5 B. The ivsiilt of the I«'»t of thia piee« ir 
therefore .unill.-il from the avern<ju«. Thcother |ii<H'«H, A, (', ami I), weiti 
•ouii.l anil ;;iivi- ;.'(»id reiMultw, and afjrei' with tim tmiisverse and tensile 
lei^tji in shmv iny the bar to be the stiiiiifre.it of the wtries, but as hav- 



111 K V 



Ni). , 



\ litth-dii.'l 



h. rii.ie XWII (711. 
Pive puiiL rcNults. ]lv iiisp. 
l^iolwervetl that the .-last i.' 
''^eaj.'h dia^i'iini i.s ii.'arly a 
'■ftl iristeiKl of l..-iii;;a cnrvi 

"■"INiiiil nitlj til.' .'iirv.'S |iliil 
'I'lutt'XVl). whi.'h iiLsi. an 
"''KtrcMs to the p.i 






-Tli.- 



tiiri! 



ULiiii 



eiitly 



; hefoi 



and fail I 
I "I 



t liii 



ela.-;t 
Tills 



>iir pi.'ee» all 
liieees, it ttill 
II.' t.Hik phuM', 
■oin the veiti- 
h.' Iiorisontul, 
lia^mins cnr- 
lusvcr.se testn 
he l.etfimiiu^ 
i<' limit, fnu:- 
poHitioii, 
lathe or 



""High «on»-ivliat hard iin.l brittle, works v.-i 

I'Uiier. 

. Tlieeoni|H>ttttJoti 7.").(HI eopper, ^fi.lNI tin is used by the Mesw-H. Perkins 

'"f the piston rin^ of their hijjh-preHmire i^teaniengiuus without liibri- 

'*«tion. 
So. 9 to S... 17. Plates \X\II, X \ \ 11 1. XX X I V (2!l..S!J to."i7.;sn tin).— 

TTiebiir.'s No. !l to N... 17 iin-lasiM- \\,-u' s.i m-i\ hard thai it wasimpos- 

"i^'lv til turn torsion piee.-s in tli.' hilli.' lo slandard si;'.' without ri.'<k of 
JjBlling theni. They were ther.-fore onl,^ turned lo eyliiulrieal foi-ni. 
^T^ diameters varying,' fiiiiii (l.f<l)(l to 0.',>7il inch. Many of the jiiweH 
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broke ill Hie lAthe even bp-fore tlie cyliiidriciil fniiii vrnx ivarlied, Hud 
tlm«, ill iiiativ raww, onlv rtric in- Iwn pk-ci's I'milil In* obtuiiieil from » 

bar. A few of tin- pifci's. X.is. !1. 10. ||. uuil IL', ilil not hh cut. iit ad 

\vit!i rlu' Ii:ini,-s1 sl.vl t.«il. itri.l uviv n,,„,ri,| „„ -,, sni;>ll ■■in.-IA wlic.'l 

wvi^li'l «;is ■-.■ii.ov.-,rrr.ui''lli'r iini. ..Mlir Jiim'liiti.-. ;,h.l' III.- «rii.'lirof 
tlie iirill it\i>M>; "J-. ill siiiii.' (M.-i-s Hilli ;t :!H)iiiiiml "i-i;;ln ji ttin'liciL 

van iiflwl to iiii'^siirf ilii-irsist ■!■. 'I'hv ihii-i 

jiiwps arc siiiiiliir in rli;ii:i.tvi. I.i'in;.' ;iliMii>t s 

vei'tii-al, aii<l -hiiwini; no rl.iMiv litiiit t>r j.ntnl ul' <-liaii;;i' >■!' ilirot-tiiHi ^ 
the line I(.m;imIn tin- lioii/niitill. 
'I'lic lin>inn;it iiinini'iiN iif tliP pieiH^, wIidmi- iliaiiii'ti-ris ai-«^ largvr 

llii- siiimbiMl si/.r {f>.i\'2'> iiH'li), wtTP nHliiced tn tlw" wiriivitli'iit inofi 

..fjii- s iil'NCin.liinl si/,, iiy clix-idtlij: tlicrii by flii' nltiii nf tllP Cllhwuf 

tlit« tliitrnt'ti'i's ill' thr j.it-cTS 1.. Iln- fnhr ..f O.dij.".. <ini''* tlii' r.-sistiHicM 
ni|itnri' by torsion of |iirri'.s ol ililViTi'iit •lijiiK-lrrs \;ii'\ lis rlii' i-ii1>et> nf 



>(li;i 



.r'ti 



1 llio 



Till 



■ ibu'til.- 



■Elt«" 



viMioti 



■II ttnw brittl)" siiwjiim 
■iliiciiifurlii'Tii bm (Hunn 



Tlu' rcsilii iiics ol' the brittlp iiic<-i>s of lar^- (Immetei-M viirj- i 
b> O.'H' fool |.oiinils. wliilc that of So. 3 A, the most rcMilieiit J 

NliiinUinl si/r, is '.'-Hi.od foot-|ioiiii(Is, 

No. IS, I'liitr \X\;i\' (;;s.:i7 ,.o|.|pi-i'. (11.:Il' ijn).— Tlin-i- lorwion |>i<^ 

w-vrv ol.l;iii,i'(i fi' tl.iN l.iir, of » liirh lui. xmiv tnrnr.! t.i tlu- Nt!iIiil:i"I 

.si/'', 'I'lii* ili;n;i:niiN sliow Mi.' s.iiit.' ili-Jlin-iii-^liiii;; .■li;iiii.-ti-rislirs «« 
tlio,Mof N,.s. liiniil 17. .■\c..|.l llmr ;i sli;,'liil% f;ir:ii.T iii-'liiuiti.-ii fi 
III!' ^.Tti.Ml is t.i Im- iinicl. iii.li.'iiiin^^ li'ss titili'iiess. 

N... m, l-linr XXXIN {.14. L'l! i-..ii|.(T, 05.8)1 tin).— Thivi- tnmonf 
wi-rv i.-Nt.'il wiiicli ;;iiv.' tlic rlmniricnstic iiiaBnn"s ofivt'iilv and h ^^ 
uiaUrials, liiil tlic ]>m-v. marked 11 waw nearly tlirw times as 8t«m(rl 
Hie i»iews marked A and I). Tliis is reiidily accounted for on exturiitrai 
tin? appearancte of the fra«tiire. It was (warsHly granular, while tf^^ 
frnctiires of the pieces A and O werR coarse and lamimited or crj"" 
line. This dittiTcncc of stnictnrc docs not ujipcar to In- duo to a d 
ence of poniiiositinn, bm it inii,\ U.^ ;i con.si-.ini-nri' .if a .lifV.Tciicc in ill" 
rate of coohiiy of ll... ti(.|nT ;iii.i l.iwcr mils otliif liiir. or of ii iliffcrenrt 
in iireMsiire in tli.' lii|iiid nictiil. sin-li ;ih h;i,s bci^i olisi-rvcd in tlie u«t»* 
on 111,- t.-sl .If No, (1 li. 

No, -_'o. i'lat.. XXXIV (2.i.8,'i copper, W.SO tin).— Four piec« «^ 
tcstfd. whi.li i\liii)it<'d the same ditferences in sti-engtli and in hIRMM 
thiit wen- sli.nm in No. l!l. The piwe A hud ii l!trj;i' prisniatio trydP 
line or hnnimil.'.l ntnii-tnrc, and rlic |iiei*c ^ravc n l.irsional nnimtmt <■ 
only 1II.S4 lo.it-iioiili.ls. Tli.- |.i,-i-c C liml ii .■nsl;illinr sinictiilv. butfl* 
crystiil.H wviv x-itv mii.'h .sinidl.'r, ivi-n- iiioi'c conbiscd ini.I less wrfl-^ 
dclincd. The tursioTial nioTncnl \\JisL*,"i.:i,'ir>>>>t-iioiinds. Tlie piece Dw 
difleivnt Iroui cillicr, being iiither o]ien unci yTiinidiir iiiid of a litfl 
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833 



k'T cylm- tliiiii cilht'i' of tlur others. It wiu* alKo wry weak, jriviiig a 
: -n'tml nionictit olunly lli.44 I'lKit itoiimln. The piwi' B ngsiin ditfeit'd 
. "Ill itll llu- otliiTn. rt 1l:hI 11 HT\ closf, (iiir, K-niiiiiliir striicturf, ami in 
..I..1- NiiiiJliLr t.. (Ii.isr of A ;tn.l i\ Tl.nv Wiis ;i i.|..w-!i.>Iv in tlic (!eut«r 
.t Uir s|../.'iiiK'ii. iihoiil i hi.'l) l.iii^- ami tHr, iii.'li III iJMiiiK'U'r, l)ut iiot- 
iilhsliuiiliiit; till.- Iil.i« IjoIc It wiis iiiiu'li tin- slii.iiiii>,-.i i.( imy oftlietmu' 
tiuces^ Imviii}; a toisioniil i<ii 



4 liqimtiuD, U9 tUciv i^^ 
iiiiii ditl'erent portions 
1 1 iK'turt' HTH olMervcil 
I- much UK U) i»fv (fill 
.illiiie Htni('.tiii'«> Ih iiniii 
- .ilwuys !icfoiiiimiiii-ii 



iifUiir ;iiv not yii.iwiiliv tin- aiiiil.vses Ut be due 
111 litlli- iliir<'i'<'ii['<' In •'i>iii|><.siljo]i ut' lurtiiiiiCH 
till' l>;ii'. :in<l slmlhir :i|i|><Mniiti-(.'S of iroloi' mid 
I'i.Tcs Miiii'li :iv knniMi t<i vary ui coiujHwit ion 
111 llic ^lii^i.^h wliiii- iilli'vs tlir iinuniatu' c!ry«- 
\ tuiiml ill llic ii|)[iri' |i<i]'Un)i of tlie bur, luid it 
k ih'tii.'ii'uo in hlii'titilli. it i» peiliapH ilue to 
to li^'litvr jitvHsiiii' tbHu id suntAiiied by the 
hi' iiditiiiti of the mold. 

I'Litr XXXIV (L'y.jn coiipcr. 7li,2'.l tin) liiid ii ciivity fj-teniling 
■, ,rh-U Iriiijil, ,-\i'.'|>l five iiu'hi-.-i of tli.' iiiipiT end. A toi-sioii 

tioii. It ex- 

lur-ji. 



This givui* n fii'coiid iiiaxliiiiiiM |ii>jiii n 
9orreRpoiidiiiK to thuM' ol.i;iiitfil l-\ i.-i 
iiniotiire wan siuiiUir t« iImit i>t iln- jili-i 

So. t'l', I'iate XXXI\* [I^iKlT. i'oii|..' 
liMt»d, Khowin^' n'Kistiuici'.s varying; fr 
tonuuiml moment. Tin- find mcs wi iv :i 
some, (lifiereiiws in Htiiutnic, whicli inn 
-lit'iitrth. Tlif Niii.n^',-st i.Ih'i-. >;i.. -^-^ 
.(.■pn-fs, wliirli Is ^ivat.T thiiii tlu.t of 
JL'.aiiil iiini'Us 1lii.'lii-^'liii>iii;;ol'rlH- i!in-l 
III.' -*ijts-*. Fn.iii No. -2-2 tli.-iv is :, i-i- 
•Ur.iU till), ^^llk'l> is tin' iiiksI diu-lll.' ..I 

No. LM, i'lat..- XXXV (l.-|.n,s ..,,pi.,T 
tc.Mi'd. wliii'L iz.w- iliii(;i;iiiis m-iiil\ si 
:;ii.:;] t<> Jii.:iii tooi-|i..iiiids. and thr ai 

.i.-;ir.Ts. Assliimn U\ llir ,lia;;niins '■■ 



iiiiils, « liii-ji is {jjivatfi' tluiii 
;!i.S'i ilii) lo No. J!t (all till). 
■\>tiih ill the Mei-icK, and oiii' 
iiid tmnHvei'M- HtreMs. The 
. lid I{. 

ti:i till). — Four pieces were 
J. 24 III ;i.'l.4:i fmit-jiouuds of 
fnsedly ciyMtalliiie. Nliowinft 
oiinl for their dilfereiieeM in 
.1 an a.iij;leof r-asiuu of 10 
■ icre helu-^eli No. S imd No. 
.•.■iiiieiisat ilii' latti-rend of 
nen-ase i>f di«'lilit,\ to No. 
si'i'ieN. 

'J tin). — Three pieces were 
, the strength r.uiginf; fi'om 
of htrsion from 'J'J to lili.Ji 



.Iia;;ri 



' aft.-l 
nix-iii 






Til 



III.- la> 



it'tiii 



iilealto\s. The v'll»" dnetih- iiuLils do not usually 
1 resislaniTs till lieaHv at the point of Ira.-tiu-e. 
No. Jl. I'lates XXXV,XXXVl(11.4it eopper. S,S.47 tin).— Four piwpa 
Ai'ic l<-sreil, ^vin^ toitiioiial nioinent» IVoin L'l,:Sl' lo 'S>.Xi foot-jiomirU. 
l.n-at dKferi'uees in (biclilitv wire obseiveii ainony these pietes, No. 24 
A liuviiifjan iin^'le of loi-sim, ol Hi dej;r..eM tmd No.24r an allele of ilM» 
ilegrww. There was iiothinj; in the a|>i>eiM-unee of the Iraetni-e which 
woiihl indii'iite the eaiiKe of these iliffereiie^^s. 

No. L'.l. I'hites XXW'll. XNWIII (S.,-.7 eo|)iier. f)1.3!l tin).— Four 
lii.Hvs «eie Irst.'d. whirl! ^^avc ilia-raliis iiearh simihir in sha|.e. The 
|.i.i-es A. ('. and H shinved alinosi I lie sain.' siren- 111. \\7., 'JIM'^, I'O.^U, 
aiid20.!PI fi.ot iioiimU ivs)».,tiM'h. villi eonvspondiii- aiij;h's of torsion 
of 1.5.'l. ]-JX and I4S de^-iees. N... -jr, Ii had Tiiiieh j;ivaier streliflth, viz, 

JtlnlU looI-|K Is. and a smaller an;:h- of torsion. \ i/. lllli dr-reeis. Its 

t'mit^a- stll'liKth is partly aenmnied Inr !i\ the larlh.id of test. As 
' -■ ■' ■■ thi> sjii-ed of llie handle of the niaehine was 

irtion of I'.ir K-.-jt. whirh al ouee ciinsed iui in- 
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rresweii resistance, ns whovrii hy tlie rise t)f tlie (imKnini. Tliis ii 

of resirttjiiice to nqiid rnotimi uniformly t^Hik jilafe in all the white ihie 

tile iillijvs, iiiid ii^ri-cs with that which liHn alremlvlieeii iiotexl nudw ■' 

InuisM-Vsf ;i<mI tciisil.. l.-sls.« 

N... i;(i. \-h,i.'s XXXIX, XL (:i.7:i copiK-r, !i(l.:t! tin).— Four iiiw 

wen' li'.sti-il. lull Iwi. -.in' irifct(Hi fniiii Ihe r:iiil<- iif ii vi-ragt-a oil iioinuot 
of tlie .-.-visti-iL.-.- of l.lo\v l.ul.-s. wliirli vu'iv li.iiml in th.- r.-nlrr of tim 
[lie.-cfi after t.-stiii^: tlji-m. Tl..' ictiiNiiiiii- j,i.-,vs II :iiiii li .-xliilHted re- 

siKtanees.if l!l.;»liiTi.l l.'i;.:ilil„.i| | n.Is^umI -um' ;Ln-lfs,>rtor!iiouiif i 

and l!Mi <|,-T...'^. vi-s)»-rliv.-ly. Tl..- l.-si of X... I'll 1) was j..ir|H.M'ly n 
ra|iiiily. ami ii- imii'^isvil iisisriinri' is thus iiiteuiinled for. Theineivam 
of iv^i-i.DiiT iv ^i|i]i;iivinl\ ci-iiiiiTtfil with a dwrwi«e of dtii-tility in this 
[lit'cr :i- wrW ;i- III No. iT. II. hilt ill Some othtT tfstw of dnctile niettlb 

tllisdid IM>I id«iM.-.M-,-il, to I 

No. JT. i'!ati-s Xl.l. XI.M. XI.IIl (11.74 copix'i-.lHMIJ tln).—Koufjri«J 
weri' ii'sn-d. of viliiili two. A iiinl II, ai-e rejei-twl tlxmi the iivei^»g»fl 
aiM-omil "if lilnv iioles. Tlif |.iiTi-s Ii and t" ■jave niaximiiln torsioit 
of IT.lfS and i;i,:iO liiol iiounds. willi aii-l.'s of torwinn of 31 
h-^'ives. n-s!.rriiM'U, Itcf.-mii;; ii. rlir ili^i.ijrani ot Xo. I'TC.i 
■en tliat its ni:.\ifiiiiiii resisi;oir.' l.iiik |itai-.' .iid\ at a point vrlw 
s a rapid nii>tion of th.- arm fm an iiiNlanr. and that at evt<: 
■t of tlie dia;;inni tin- ivsista nn- « ns 1,-ss IIiihi that ..f No. 'j: 
wlnrli was tested with a tiiiitonn sh.w jie.li.ia, Atlhon^jh the dnrtihtv.^ 
X.i. -Jl (' is the jiT.Mlei, its n'sili..nre is Irss, «lii,li shows tlial i 
slower mean resistanee. .\t diHerenl jHiiiils of lliis test the rate of mit 
tiori was eliiui^ed, lunl at tiiiie.s Ntoppetl entiivly. At one time the jijei 
wjui left under stress for Hi lioiii^, and at other time;* for tbe RpaoM' 
HI minutes, 'J minnt«8, and 1 minute. .\t eaeli of the»e rests the P 
anee .if tlie jiiece deereased, aa it Mhnwii hy tlie f;dl "f tlie dia-rfam. 
I'ise of till' dia;.'rani is seen Ut take, plaer whenever tliei'e is an inc 
in the rale nI nmlioa. TLia tent exhihits in a very aiarlceil ile;;n 
iiirtiienei- ii|iiiii iliii-tile metals both of ] 
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iipiier. 1H>.4« till).- 
:is MKide with til* 

si'iprently theordh- 
ernir in nieaMlilV 

Viini the avei-ftgi* 

; eoiisiderablc Ul^ 

-Four xd<>CH( K 
ordinary nnilniin kIow mntioni ] 
with a niiii'li slowrr iiiDtioii. The latter piece was alnrt ' 
lal diHereat times for 40 ami f.ir I, ■_'. and 4 licmrs. The fi 
, showed threat niiif<.riiiil v. tlieir .li;i;;rams hriiij: ahii 
ir. The latter, in eoaseipieiiee of the very slow inotiol 
n(di smaller resistanee, and, when letl nnder stre.-s.s, a dwrt 
of iTsistaia'e. 

No. .!(). Plates Lir, lifir (all (nipiier),— Fmir piwi's were t*^et«(l,'i 
Kivin;; ;iood diagram.'^. The t-orsiiinal moments varied Irnm 1'27 to 1 
foot-potinds, and theangle.sof t^irsinn from Hlfito 177 de<,n'ees. All ttu 
tests show tlii.s bar nf eJ>p|)er h) be an exeelhot pieee, I'lintirndri}; 1 
ii'stilts of tin* tran,sver.ie mal t<?usile tests. Cmiiparinj: Ihi- iv.stiltH 



aetly , 



etlie 
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llif UatUf of tin- tuinioii iiietws of Su. '.W with those of the other copjK'r 
pieof, Xi». 1, a very ffivjit (idiiti-.ist is se^ii. The toiisioitul iiiiimeiits cif 
the htftor woiv imly '>7 tt> 7ij f<K)t-|iniiii(ls, and the aiigk>s of toi'^iou only 
lit; Ut 4!l df yi'e.'*. The fi-Ai'tiires of No. 30 were all eomjmi't and hoitio- 
f|:»-in'oirs. wliili- those of No. I were nil full of Itlow-holea. 

^1^ iiiiiiiljer iif pieces were tukeii from the broken tension- test s|H'ti- 
Jneiis uiiil tiinieil into small cylinders to be te«U"d by eouipreasive stixisti. 
The Nize of these jiieces was very aceni-.itely 2 ineheif in length and 
Il.ii2ij inch in diameter. The ends were erti-elnlly made plane surfa^Miti, 
jH'HM'iHlicnlar to the axis of the eylinder. 

NoK. 1 I), :j.'i, 2(i, 27, and 28, wei-e te«te<i in a conipi'ertsion ;itliK-hnienl 
to the l'iehI4 testing-nifK'hine (Fiji- *>i P- '"^HJi describeil in cmnu-ction 
with the tensile tests, and the amounts of conijn'eswion were niciisnrcil 
by theiipiJiii-.itiis (Kitr. I.'(, p. ;J48) used iuineaKiu'in;: tensile clmipit ions in 
the seeunil scries. Fur tli<'se eompi'essioii tests llie Icicl nas ri'iiioved, 
thearriiwIii.'lisKi.portcd thi' level fixed, andabattcrv an.i >i;;iiiil i-<miu-cted 
to detertiiine the |i<iini ;iijil instant of vmxtavt of I he end of the iiiicnuii- 
etei-serew by the piissiifre of a eiirient of electricity. 

AH other te»ts weiv iniule on the testiiig-uiaithine, of LIH>,tH)(l pounds 
r»pavity. iu use by the Ordnance linreau, U. S. A., at tlie Army Build- 
ing, New York (.'ity. In tliis niLicliiiKi the stress is iipplied by meaiia of 
a lever o|ierjitcd by hand tlir"n;;li ^i system of spar {,'earini; wilh ii scivw, 
and is ineiisnred ><\ a rotiiMiialiiiii of levers. A similar miK-hine, de- 
signe^l b.\ :\laior \Va<li-. is ilrscrilict in a Kcpi.it of Hxprriments on 
Metal-1 for ('annoii, h\ oth.'cia .jf the Oi'dnance Dei-iirlment, U. 8. A., 
1»5«. 

Oit account of the small lengths of the specimeQs, it was difficult iu 
thia machiiie to make dh'eet measurements of the aiutaiuts of compres- 
sion. An iip|>n)ximatiou to the amount was derived from noting the 
unialH>r of revolutions of the handle ne<«8saiy to pi-odiice a certain com- 
pression. 

It was found that 4"! turns of the hamile were required to cause one 
mm of the si'rew, which raised the main lev.'r of the machim-. The anns 
of the lever weiv as 10 to 1, ami the |iitrh of ih.^ m-u-v. whi.li |.|,.;aieil 
it WaslU inch. From lliesc <lala ili^bmud that one Iiini of the li:ihdle 
shuuld pnidiu-e a corMpn-ssioti ol' lln- tesl s]ji'ciiii(-ii uf O.lHHiStti inch. 

Fi-onr this is to tm subtracti-d an erior ilue to the sjuing or ehisticity 
of Ihe machine itself. A close approximation to the actual amount of 
thi.H error was obtained as follows : 

The piece So. 8 H was jilaced in the machiiu-, and iifler a few hun- 
dred pounds pressiue was applied for the jiuiiiose of lakiu;; u]> Itack- 
ht^h in the geiiring, it n^quiicd 2!Mi nuns of the haudh' to pnxluce a 
Htressof :(2,IXH» iMMinds. At the same time ili>- distame iictween the 
prCKsuiv-plates at the top and bottom of Ihe piece, ai mca,>ni'ed hy a 
MM]f diviilcd ro^,',„i>f an indi, was l.s:; inches, imiiratiiii; an aet.lial 

uompressiori nf iJu- jjii-ci' i>f 0.17 inch. The r;ili-nhitcd c incssion, in- 

diMiilig Iheeniir. was I'iili tiu'tis x 0.lllMiS4(i = 0,i'.".041i; inch. The wi-or 
is, e3ien*fore, i).2rHl41ti— 0.l7=il.(lH(l41« inch. 

We niny siifelyassuiiic Hint the error due to the elasticity of the part» 

wf the mai'hine in proporlional to the stii'ss, and lieuee ';{.»()«(," = 



»n-es8. 
This r, 



-! ;i|it.ciiilr.l. Tiie li^i 



TESTS OF METALS. 

Ilir <'iil<-iil;itr<l ciiiiiin-essiitris I'ur f.-JK-b {mjiiiuIoI 

i-iLliiN'ii witli lU'liinJ i'oiii|iiv.ssUiuK \viii4 rupeiUtid 
witli iiiMi-lv siiiiiliir ivxiilt-s, aiul tlio av«ni^a<C 

|.ti..lis u;i\-r tlir SiMii.- llKlin 

ir ji-siilts ..I ;ill till' ti-sts tiy coiiiiircssiTP fttmt, 
-KiM-ji in till- I:i1ili> ;is llir ri>m|i[vs\i.)ii of thH 
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st;ili 



[ilnilinr till' 
s tlM' r»i-niiil)t 



(.'=IMHHW4fi N— (UMMHMUTi I' 



hIhti' (' ifi till' iuiiimiit of cinninfssioii ■ 

.I'llii'liiri.ll.'. an.l I* tl.r ;i!,|.]i,-.i sin-ss 

Th.' loll. .will- l;.l>I.'. \". |.li-M'lil^ ;i .■.. 

n|- ih.'N,. ,'^|,.'iii,i,.tit-. Til.' ivs.illsaiv 
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NOTES ON THE TKSTK BY COMl'BESSION. 



The move (liii'tileallovH. Nti. I Hi Sii. 7 (all <'(ip|iertnf«).!l."ii'npner, U 
Hii},aii(i Xo. 2;i(l"'.<W<<'!.p.'r, S4.K2tiii) hi Nn. .10 (sill coppi'r). were 
enirthwl or lii'okMi by any .stress nliirli riKild 1>i' ;ii.[ilii'il ti> tliein. 
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itlKtr l*iit aftiT snKtmiiiii^ a certain liegifeof comiirpssiim, or retahimp; 
v**rti<^al |«isitioii. im-refl*>wl iu (lianietfr as (he il(M:rea*ie in length took 



iljwf", iinil jiriiditnlly HutN-iii'il. Simic nf fhp jiii 
l>liil)ivss<-<l to h'ss thiMi <•][<' li^ill'ol'tlii'jr im-xiu; 
n tiiclIiri.-i.iiiiHTssi.niiihv;[v,sitiiTr:iNinjr. Whc 
he ]>'»■'<■ uM.-r .■.,Mii.n-ssi..i, wonl.i. in sum.. r;is, 
** to ■:i;f<ln;illviliriiiTiisi] Jii ri'sj.sl^iiir.- In nIlv..;s. t 
.IT) llic .-.Ij^i-sntth.. np|..T;iiiii I.. «-.■!■ Ml 



in this manner 
I lengths, the i-esistani* 
tlii'lii-iiiliu^tuokplat'e, 
s. tiik.' sKi-h a ]iositJoQ 
':it('» toueli- 



Tl..> 



■(■.-. .ill 



l;il " 
I'll: till 






ili.'ii'liire, can- 
111-- .stu-Tiyth ie 
if .ini- ttritli of 



L'ompivssiijiis of lU \)Kr 



M*Sllllli'ii tn 111- rluit wliirll .■iiLli-s|ii.iiiU til il ciiii 
thf .iri^Miial I.Ti^nh. Ill tlK'»l)iiv.' t:ihl.'. Dii'icl 

Ulll[Lll..;L.l.-.l".TIIsllill-SllVllglli"lVI.IVM.|lt.iUt 

tJic l.iii.ls |HT s.|ii(iii' iiiuh »LH'cssaiy to iiiwihiut 
ceiil. Ill' tlic .ii'i;;ii(iil lenj^Ls. 

All ill.' liriltlc Mlloys, and some of thoae pns«e«Hing certain limited 
ani.iiiiit> .il".liatility. No. 8 (7fi.«4 copper, -23.24 tin) to No. 18 (38.37 oop- 
per, (il.:iL' tin) iinliinivo, hnikc sinhh-nly nheii their maximum reitist- 
lUici'K w.'ri' (fii.'linl, iiiiil till' li;;in'.'s li-r tlii'ir cniHhing strengths ai«, 
tllcii'lni*c. I Ik- actiuij vahi.'s. In Mii'm'. tlu- li^iiu'esfor " total compression 
r>r««tiin'il liy iii;i\iinrTrii loii.l " iiri' tin' r;ilciil;i(Hl <;umpre88ii)nB at the in- 
'tiiiii.s i.r tin' Miiiil.'ii bri'iikiiL;;. In tin- rasi's of the others, the Hgui-es iu 
'"■ .•;iiiii' ■■.iliiiini.-. in-i- llii- t<it;il (■i.iii|ii-i's.--i<i)i>' wlii.'li wi-re. actually givta 
" III.' ]iii-.',> ujilLoiil liri'iiliinH llii'ML ari.l irivln.l..' tin' shni-t«ninK of the 
'i<'i'.' I.\ lii'ii.ijri;.', Uiil -An- mil llic tulal iiiimniitM of coiiipresmon which 
'ti^lit ii:i\ I- I'.'fii |>ii»Iiii*i'ii if ih.' ii'st liiid lieeii continued further. 

TIl..' |.i:iiIs |m'i- scpMii' inili, iir.'.liii'iiij; oompressions of 5 i>er rent, and 
in |H-r I'ciii., ;irc ;i|s.i yiveii in lii.- liililc for purposes of comimriaou. 

3iy iuspotioii .if till' tal.I,. aii.l tliv itinefi (Plat«B IV, VII}^ and eonipar- 
i»i;thBre8iUt« with tliosc of tlif iriiiisv('i-se,t«iiiaile, ami torsioual stresseii, 
lOtueiiniKU-tiinl fiicts are .iliwervcd. Assuming, as ali-ea^ly stated, tliat 
he cruahinK strength of a iln.tile metnl is the load necessary to prodnce 
fc Compression of .in.' t.'iitii .if the original h'lifrtli. and that of a bnttle 
net.ll is (h.'l.ia.l ai-lMalI\ .'aoMi.-'fra.'t.ii'.'. il is se.'n thai rile inaxliiiitia anil 

niuiiauiii < l|ll'.'.■■.^i^.' slivn-llis aiv ii.it f.iiin.i in II 'iiii|.osilii>tis wlii.'li 

i^xhilijled maxiiiiinii and niininnnn slrrn^-tlis liv tlie olli.-r three tiielh.iiU 

>f tcM. It hits already I n ..Iksitm-iI that the I'cliitive strengths of the 

"■■^arioiiH alliiyM. as whown li> llie ntli.'i tlirei- methods of test,}ire similar. 
1* Ills is not the nise with tii.' eoiji|.iv>si\.' t.'sts. 

The ma.xiniinii .'riishinj; stivnuih is ;;j\en i>v No. il (llil.S4 copper, 
aft.Sl)tin). whi.'h ^'a^l■ r.-snlls tmii'li ii.'ar.-r th.' iriiiiimiitn iiiuh-r tJie .itlier 
foiiuHof lest. Tile laiiiiniiini .'insliui;; srri-n<;tli is fooii.l in till, which 



Wan 



sii|ie 



f th.' 



iitrh'all.i>s il 



.'till I 



[i]id 



whkib alhiys greatly siirpasNcd it in lest.s liy coiiiiire.ssiiiu. It apjiear.^ 
'hat the rcMiiitonce to- compreiwiou has an entirely different natui-e from 
rt'sintani-e t*» t^^nsinn, and that the tin qualities have no apparent relation 
'o «ich f)ther. 

Tlie coniiii-essioii pieccH, \o. 1 (all copper) to No. .5 {!Mt.C7 opjier, ft.oS 
fill), iitiil N... ;ili (all e..|.iiei-), i^Wi- resiills v.'r\ ii.'arlv alik.', vaivin^' from 

■'H.IMKI t,, 4l'.iMH. pounds |..'r s.|nare inrli to i.r.i.lu.'e a .■ pn-ssion ..f 

" lenlh of t) ri-ilial h'li;;tli. Kkmu No, (i (ST.lri eojip.-i-. 1H.H4 tiii| 

toNn. II (ti;i.,s4 cipiiei. ij!)..sii tin) ih.'iv is a ra|iiil increase ii|> r.i IHl.iiTii 
INiiiiLls per fi.|nare iii.'li. I''riiin liiis i»,iiit a deereas.- takes i.la.r t.. N... 
-fMi'll 'in). This(h'<T.-as,' is si.nii'^liat irr.';;iilai. No. II ('l.-..;!! .'.ipjicr, 
34.47 tin) and No. 1.". (4T.liI .'oppcr. rc'.U tiiil -i\ in;: a en. shin;; sirength 
^"^4,747, and No. Ili {lil'.rU c.pp.-r, ;i7.:r. tin) onlv :(lt.ll4 pouinls. It 
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woiUd Yie iiw^SRary Ui nmke a ^ji-eater number of Wntm U-tiirf* ii,tlt*iii)itiii;; 
to explain thin irr«];ularit,v, but it <liieK itol. seem iiii|)i'oliiitilt> Dint it lUiiv 
lie a ptfuliiii'itv of tLt^s«; tMiiujiositions, siin'c No. lU wan vwv diffwwil jq I 
color fi^oui Imt'li No. 11 iiii.l No. l.j. »oil li:i.l llic lii^ln'-sr .li-iisify of l( 
scnes, adensil.v iniicli hiMlirr tliiiii lluit ol' No. l.'i. Il iiiiiy Ix- tliiil I 
alloy of ueaily llu- riDDimsilinii <il' Nn. Il' ri'|iiH-sMits ii iuti'I: 
point of (Hiiii]i'n>.s.-.ivi'sln'ii<:tli in tlir i-iirvi-, hoc! ;ni iillo.v ii<-iir No. l.imd 
gist; a i!e4i}»'l III II. I- imu III point, iis Nn. I'l (L':;.:i-"i coiiiht. "(i.ilt tin) pne\ 
oetHiud nisi-xiiniLiu l>y tlir iillirr Icst.s :inil N<>. 211 (all tin) a sci'onil uilj 
imiiiu. It will rninim fortlirr Ir.st.S liowcvrr, In si'tlli- Wm \nfta 
ili-finitrly. 

Tlii- liiUowing ]iliononiena were olwvrvinl in i-oniKt-tidn willi tbw*| 
ttst.s in iiiiilition tu Wnm^ noted in tin- tnlil.s. Tin- iM-liiuiur uf tlic VA \ 
l.i.r<-s is <-l.-nrlv sliown in tin- |dott.-<l cnivos. I'liil.- XX. 

N... I (all .■oppor).— Tliis |.iro- had a IV'W small l.l<.«-!i..l.-son tin- 1 
snrt'ari', Init ajipraivil t» lu- si.iui.Irr lliaii ]iio.-.1 .it' llic Ijar IVoni uliiHi^ 
«as taK-rn. It «as niitir...! M liavr lakni a ^rain^lv p.T.vplit.l. 
when iltitressotli',l,(KIO poiii.ils per s.iitace iii.'l, «a> ivaelie.l niter 
pi-eesion ot(i.4 Iter I'eiit. As tJje sUi^ss iiicivased the lii'Tnlin;i I 
more readily oIis.Tvnhle, iiud « lien tli.' piece was leTii.ive.l, atler 
preBwion of 44.S prr cenl., it "ii.s verv .■.msideiiiliJe. The pi.'ee hiiil lliM J 
hennnp, nin.'li distorted, tlie U-yd li.Uin- a sjieeial diie<-li.i 
tlinineter liad in.i'ea«ed to about U.77 inrli, \an ini; sIimIiIIv 
].oilioiis .if the leiifitli. The anioimt .if I'.-iupirssi.ii. iL-an I. 
niliiillv than tin- stj't'sn. after a Btn'ss of IH.IHIO p.nin.ls per ; 
lia.l li.'.ii api.li.Mi. slL..«iit- appaientiv an .■hiMii' liniir. It is iimlwhla! 
hou.'Vi-i'. thai lljis p.iiiil .JHi'v )int iraiv ivpi.'s.'iit rli.' liinir .<f elasH<'it]-A 
lint WHS 111.. piMiil ar ulij.'h tli.- L.^miin;; .■niinin^Ti.'.-.i, allli<.n-h its " 
was net peri'.'prnile lili n iiiih'Ii lii;:lii'i st[i'>s had lu'eniippiji-d. and tll^ 
liey.uid this p.iiiit, the tiHn''^'** innb-r tin- e.ilniiin heade.l "eonippe 
really represent a Bborteninn of the veilical distanee l>etwwil thed 
of till' siieeiuien by tlie eouiliiniHl inlion of bending and comuvg 



No. 1 1) (east eoppor). — A necond ; 
lln- bur. win* subseiiueiitlj- tested in 
The ii'Nnlts as plotted show a enrve ^ 

bnt till- n-sifititnees to eonipression an 

,ierMiiian-iii,-li.' A pressnn- i.f S|,!.- 
appU.'.l. whieh l.l.iki- llir sp,.,- ■„ 



. lalie 
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No, -1 [ 
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^ ;i hi- line., pj.. 
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inilinle |i 


n.dn.-i-.l ail .'vi.! 


I.i-lli,(l(lH 
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Aflei' this p.)iut the re.-. 



TKSI8 OF SIEIALS. 339 

tmii wliicli wan until vonilile to rfsistiiiirc to mIivks, ami iK-iidinjj then 
t><M>k iiWe riipidly without iiiij' liu-tlier c<iin|iivs!<>ioii. The itisiotuni-t* fell 
III l!,(HKI poiiiids [ler siiiiiiro incli, when tlie piece tin:ill,V mily toin-hed 

Thedum.-l.-rol' tlir s|....-iiii.'ii « lirii iTTimv.^ii liuii i.im-ascl tiMi'.TI i'.irh.' 
Ill Ihe i>l"lleill;il.le.irnii\.-s,n(,i.. \N)i!i.m 



nnd Ml'ler tlial i 


iiiiLt 


be iiuUmI in all 


Ijvm- 


aiiee :it't<'r ivael 




ul'lhes|..'rimvM 


mill 


N... :t {'X'kWU- 




miniliirt<i)lL;it< 


" No, 


np III :ii;.(»MJ i>i. 


nils 






plaee. Tiie pit 





mpi.Uv 



>p.i 



iiiN 



mpi-ii> t 

cm'vutim 
])late^ i» 
iiKiveil 1l 
Ni.. 4 I 
iloiiM.- .1 
i^eai'lii.l 



N ut' ub.seiHHiis. It JH Ut 

icli show a (leereiwu uf itMittt- 

111) Ihal this ilei-i-e!i«te in due tu tlie lieniUuK 

■reaMU i»l' [idh er to i-esiit ;n'tii:il ■■innpit'ssioii. 

i), — The iietiou of this pii'i-r nmier test wiw 

' (^omprenshm was |ir<i|Mirtioiij[ lo llie stttiMK 

nv hieh. liendili^' lirst iH-i-iinie peri-eptihle 

al>eiWiirils a lieej-ense ol' resistiuiee timk 

III, r.']' a slioit time, to iittnin iv iM>sition in 

Ivr j;icati'r rrsi-laiiee to iuen'UH^d stress, ami the 

■hi'.l ill .VJ.lHHi|i..iiriils. Tlie i-ewistanee then dei^rejiseil 

iT|. «:is n-i.ii.vnl. Us avis I.e.-aiiii- n Ijiii' of (louWe 

.if Nil. li. and the |iiiTi' iihal!> I lied tht- pi'essiire- 

II' c.i;;!'.- lit its Miipi'i' and Iii\m>L' siirlari'S. When re- 

ler, 7,TG tin). — Tliis pieee hfut uinii-r slri'ss with ii 
■iiiv,- si.iiMar to that of No. 3. Tlie fij-jMrr-ii vlasiic limit wiw 
ai L'ti.imii i>oiuiiIh, and beiiiling whh tiist i)l>si>iM-d at •^.t,f>t)» 
till' laaviiriiiiu resiatance wiis retwhed iit .S4,lK(» pounds, after 
wliit'h it raiiidl> deeivased by i-eaaon of the beudiug. Wljt-u ivmoved, 
ihe diaiintei was finiiid to be inereatied to 0.73 inch. 

>i'm,."i(!Mi.43 i'ii|ilii r.ll.iiOtin). — Theconipi'essioii was pro]iorIional to the 
»tre.ssesiiiilvt(>lil»,<"H)pijiiui!s])er8tpiareinch,biitl«-adiri;; wasiiiil i.liservi-d 
niitil:C,(HKti.inuidsliadl>efn reached. The beiidiiiji- tnnk iihur in uru- plain-, 
giving a diiiibli' eurvattiie, and increased raiiid!.\, -^n llud tin' rnavimiitn 
resistaiiee was rieaehed at 'i I, !!.'!() pounds per square iiii'li. 'l"]ii' n-sistanre 
liieii deiToasi'd rapidly to 13, (KM) pounds, when the jiieee had taken siirh 
A (tositioii that it eeased to resist further coinj)res«ion, and 8li]ii>ed out 
from between the plateH. The diameter was found to have increased to 
0.«*t ilirjl, 

So. (>*7.l-"i riip]HM', \'J.7< till). — This pieoi" was taken fi-onilheliottiaii 
of the bar, where ihr metal wasfi.mid by the torsion tests tube iln- rii.ist 
homogeneous. The pierc brnt In the Hiime manner as tlmsi' desrribi'il 
alMive, but in ndditiim m Iln- brTiding. the snrfaee oflbi- pieii- bi-rame 
i-tirioUHly disli.i-tnl. a.- if small |iat.'lie> of the .-itrfa.-i- witi- siilli-r than 
Otiier portions, and lli.-,e ccsistnl .'oinin.'s.-ii.n li'>s il tin' lianl.T por- 
tions. The eoni|.ivssiiiii \\as pin]iiiilii I In Ihe .Mrcss ti. ahniit :;(I,IKKI 

pounds prTS(pnii-c im-li. Ilriidiii;; " a> lirsl iili.M'ived !it ;1."j,(MH) ]iiiiiinls, 
after whieh tin- lailiirr i-o(iipiv-;sinii-; wnv a-aiii iaopi>rtiiiiKil !i. the 
•tresses, tin- ratii. iil'ii.iri].ir-.-iuit t.i stivs^ briiit; -ivalri' 1 hint in tlii> tiist. 
part of the ti'St. Tlir aiiiNiuiinn n>i-<l;in.-.> «as irarhrd at s!I,(IIIIIi„.!lmiIs 
pL>ri«piaivineh,al't.'H\liieliIliiLTsishnnM>ilrrii'as.'il.l.vriMsi>iinftliebeiid- 
iilg,to;tl',lHl(liKMiads, «lii-ii Ihr pieiT ,li)i|ii.d ..id from U'lwi-eii the prea- 
»ure-plates. Tli.' diannl.T \\:i> iiiiTi asi^d ti> d.TC ami U.T.'i iueli as meas- 
ured in rliffercat i.ortiiiiiH id' the li-nslh. 

No, 7 (Sii,!i!i tii|ipt'r, J,S.i)2 tin). — The cominessiou remained nearly 
proportiima! to tin' stress wp to about (iO.0(K( imunds per square inch. 
^ very slight lii-mling was obsen'ed at ahnnt (i7,(HM> pounds, the piec« 
* ' 'tm a diiidde fiirve in one plane, llie maximum resistanee was 
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rcHclii'il ill Hi;{,."i()(l |>oiiik1h )>er wjiisu'e iiiuli, after wlik-h it rltMrea^nl 
U1,(RK» poiiiuU. A ciwk then aiti>eared on esich of the two eonvex: 
tUci'H of The (loTitile curve, anil the jiifpe Klipiied out fioni lietwcen 
liressiuv-|ihites, lU the njinie time eniwhiiig off sniJill pieee« of the on 
at the eilj;es of the n|i|n-i- iiinl kiweisiirfaeeK whiehla.st toiielietl tlw] 
iire-jiIiileM. The iliariieler wiis inei-eaned to ll.(>7 inch. 

No. « (TH.liti riijiiiri-, ■j:!.lM liii). — The eoiupretiKioii Mas proportional 
the stress to ;ilniin '.H. 000 |»)iniils pel* M(|iiare iiieh, after wlii 
(if the former lo t!ie hiK.-r sli-li(l\ iiiei-eaweil. A very sli;:ti 
ohserveil al loT.ooo |>i>iii(ils. Tli 
I14,<HH1 |.<>0M.Is. vtli.-i> III.- ]Wi'r ; 
mi<hlle. lifter a total n|ovssioi 

I anil- |iMi;>h'r<i. Th.' iliaiii.-trr »as unifoiiah iiinvaM-.l to I).li4 ii 

No. n(li'i.'.llt ciiiiin-r, ■Jli.sr. til.).— This pie<-i- |.r..\.-.l to l)e tlie stLuiipl 
of llir. s,-ries, a stress iif 1 Hi.liTIi |».an " 

l"l>'"'li ni,.tur... Tlo- r.oiipr.-ssi,a 

the sliH'SS thr<>o;;hiiiit the »hiile test. 

inc. a.n<l Ih.- IVa<>lai'e to..k p!ae.< »itl 

|>i.-e>- sn.hh-iil.v liniUr inl.i an iiiiiiieose [lainlier of suiail pii-ers. the laq 

est of whirh was not larger tliaii a p.-a. A re]iorl like a. pistol-sli.it « 

nia.h,' as llu- piee.- luoke. Tlie lei-onl ol the test sh<iw« u calenW 

I'oiapressioa ol ;i."ill per rent. Frotii the iiataie of the luat^'rial it eH^^ 

poKsilile that this tjuaiv nia.v I.e too lii>:h, 

No, 11 (Ii;-..:;! i'o|i]ii-r, o4.47 tin).— The (*oiii]»ressions wei'e nvarty J) 
jiortioiial to tlie streBse.'i thi-onghont the test. Tin- piwe 1>mk« < 
iletilv at S4,747 ponnils per 8(piar« ijich, the upi»er poition ol" the jj 
tlvin- into fra;;aients. 

No, lli (I1|,.h:! eiipia-r, 37.71 till). — This pitwe bi-oke nearly ia tliefHj 
manner us No. 11, but MiHtiiiiiedlBHathau one-half the amount ol'strni 
SOAMW pouinlM. ; 

Nos. 10, \'.i and U were not tiwt^d, as tJiey broke in the \a,thfi fA 
hemn turned. 

No. Ifl (47.72 copper, TtLSHl tin). — This pi«H-e ksivp t'l'' same i^esoBr 
No. 11, bniakiiij!: at S4,747 iioniidni jier stpiare ineli. It broke sud^"" 
into several lar^ie fra{;nu-iils. 

No. K; (4l.i;i'eo|.|"-i'. '•.'■.l-'> till).— TIlis |.i.-.'e sostaiiieii a stress of 01 
.^-J.S.-4 iioiiii.ls |„.r Miliar.' iiu-fi. The fraetore look Jiho-e siliMenly. 
it ajipeareil as if in tin; ii|ii"'r eii.l of Die si.eeiai.-o a r -shapeil Wt 

tieni i-rai-k tlirougli the center of the piec«, reaj-hing U> tlii' bott<i 
No. 17 (:j«.83 copper, (iO.7!) tin).— Two piwes were testeil IV. 
bar, wliieh gave similar results, breaking at 39,000 ponmls jn^r siiot 
in<li. The ttaotni-es wei-e of the same eharaottr as that of No, 1(1. 

No. 18 (;f8.37 co|>pei. 111. iL' lint. — This specimen proved to be m 
■weaker thau any pteMuii-lv f.-^tid. breaking at 2i»,000 pouodl 
sqnai'eineh. It Inoki' l..\ \v.-il;;c shaped (^■agments flying ott' the "' 
end. The compressioii wii.-. jnoportional to th« strese up. to the 
lug pouit. 

No. 19 (34.22 copper, 05.80 tin). — Tliis piece was even weaker 
No. IS. It reiwhed a nia\iuinm ivsistaiice at li),o(W pounds per « 
ineh afler a roaipres.'^ioii of 1,2" per cent., the eompre.saiou being pi 
fii.iial In (III' .stii-ss at this point. The resistance to stress thi 
eri'a.sril rapiill), tin- pieie ba!i;iii;; out OU all sides about a du 
jilaiii- of fraetiire lo-ar the oiiiiille. Severn! cracks siwrn apiH-ared 
tlie point of bul^iioK. and the I'esi.stiuiee cleereiised to S.IS(K) pounds 
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i|iiure inch, wlieii the jilPfw whs rpinovcil. The twtal coinim'SNioii wa^ 
.5.5 iHT rent. The (liaiiiPtfrii of the entl« of Iht* sjiwiniena, whicli were 
,pH»rpiitly not affcrtcd by the bulging in tlie middle of the yieee, had 
niTL'aMocl to aiWO inch. 
So, 21) (25,12 ciijiper. 74..')1 tin). — ^ThiH pieoe i-cached a maximum re- 
iiiitance at 17,!MHl |iuinids imt mjuare imh. the eoinpivssion being nearly 
(miptirtional to tiie stivHs, after whidi ir miiidly di-i-reasod to 2,000 
[WuiuK During this deei'e:isp a remnrkMl'I.' |jIl.'ii<)]ii.'iii>ii wiw obaer^-ed. 
& diagonal iTack a|i]M-arwl at the. top ul" the siKiimt'ii. iviiehinj; from one 
rige of the up|>er snrfaee to a |H)int on tlie n-^ liiidtJral siirfsice opi>08it« 
lothix edge, mid iibiitit ? im-li from the t^ij). Tin- wfil;ri'-sli;]|)cd piece 
Ihiw fniftnretl fi.nn llic Npciiinen wa« gnwinall.v liirr..l nlori;,' the line 
of fracture till it wiis ilchiIv jiuphed off on oiu- .siiii'. I>iii still iviitaiued 
Uttarhed, an if liy ■•cold wHiliii;'" Wlini Iliis paitl,\ scpanitf d pie<« 
ftnrt Ht«rt«-d off fnuii the remaiuiliT "f iln' Ni»'i'jiiii'ti. iln- hu-jifer part of 
the stress apiieare4l to be refiistrd bv imly ;i siii;ill puriion of the upper 
mifmie, and the vesistiinee eun,sr(|iu'iilly dci-iviiM'il to 2,iK*0 pounds per 
wiiiare inch. This iKtrtioii of tlie ii))per surface was then gradually 
fliMIene*!, and eo a]tpaiviitly lietter Jitte<i to resist a fiirther amount of 
wmpression. As the ciHiipivssinn inereased from (i,80 to 25,60 per cent. 
Iht^rpRislance atrjiin inircjiNcd from 2.iKK> to 10,2fi7 ixnindu. By this 
time It si'foii.l Imr tmu'li siii;ill.'i- wclyi- bad b.-.-n foiv.-d oH' on tlio sido 

■i-peated, 
. s)ii!]K-d iiiiTi's u.'iv liii-iL piirlially 
ili'ladit-d iHLii suiToiitiilcd the wliule of tlic upper end 
iiftlieNpceimen. Afterrea^-huig tlie seeoud maximum, 
1<l,^(i7)HiiitidN, the i-esititance began to decrease, again, 
l"it the Npi'cinien was removed after a compression of 
2N.II,l,«-r ,-Hnt. «-itIi th,^ Hist wf<lge-sh;ip.-.l ].i.-w> still 
iittacliril toils nii!»Trnil. TIji' di;Liii.'li-i' uf tln> lower 
;>oriioti of til.' .s)M','itm-ii biid io.'!'<':is<'d only to (1.6:^ 
I'if;. 11 shows tlic ;ippew- 



;irti-r its I'l 



.'IV thi-iL piirlially 



No. L'2 (liO.L'l i'o)i|M>i-, T'.l.lil' till). — Till- coTiijin'ssion I'ont' 

|)riJ|Hiitioli;il lo tlH' sni'SS ti> jhniit tl'.IHHI jxiiiiids per .-iiimi 

iilxiiit lt>,IHHi {xiuikIs u iK'iid ill Mh- N]ii-i'inu-ii w>is cibsiTvci 
Niine time Mie resistance t<i strews deiTcasril, ;is fnrfbei- 
"mk i.hi.'c, lo 7,IHKI pounih*. The resistant' iiflrcwiiid 
llMlN) [joniids iH?r sipiai^ inch, by reason, prulnibly. <>\' the 
ii iimiT favoiiible position to i-esist iM'iuliiit;, ;iiirl ih.'ii it )i;;jii 
ti>l,:UKI pixKids, when tilt' |>i<'<'f h^id Ix'iit so iiiiti'li tliiit il 
fr(iml.ctM-.-<>ii (he piv.-isaiT-i.hitcs. Th<> l.i-iid t.i..k llu-sliiiin- 
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more lliaii unp-Iialf of it« (iritcinal Ipiigth. The uliorteiiing of the piro 
tiMik ]t]:u:f aliiiiisr ciitiivly by cni«limg out jxtrtinim at Ihe lower ea' 
and tlx'st- |ii)i-riii]is mnaiiKHl attat^linl to tlie piece, liy what hiu Iwi 
li'inii-il ;i suit 111 ■■I'dld wtjldinji,"' tUl tliey were sepiirated by other picoi 
i'ii)Wiliiit; tln-in nlV. The diameter of tbe upper end of the si)ecimeD va 
iiiiTiasiil riiily ti> )UU5 indi (oii^nal iliamettT 0.025 inch). 

>'o. i;4 (1 1.4.-i iiipiHT, asXM till). This piei-e attaiued a rexiistance 
Itt.Kil iKiiiNils |>ri* stpiara inch with a conipression of 6.94 per cent 
whfii 11 sh-rht il'iiiMc i-TU'vc wan iil>serveil aiitl the resistance decrewtl 
very sliRhtly. A'< rln' rLnipn'ssi,.!! was .■(.iitiiiii<-.l, tlte iliiirin-ter of the 
piece giwluully iui'ii-;is<>il llin>u;;lniu( llir wlii'li- Irnirlh, and 1 
anc« increjisi-ri tu 1 4.uim iii.uiids jut sijuiuc iiirli, «Ih'1i th.- 
houn coinjn'fssi'il nunc rl);in ■nn- liiilliil' h> iiii;;iii:il ^■ii;.'tli. T 
iiu si^ia i.f any JV:n'rinv, luid ilu- |iji-c(' mi'ivly ll;iItiTn-d mil, uttering 
t'oiitiiniallv {.•rfiitiT irsislmici'. 'fliv ri)iiiiiii's>iciii i'duIiI piulnihlv Imvif 
I'Wii roiitllllK-il till thr ].ti'r.' ihift.-iR'd .jiit to n lliiii sli.-.-t. if rhr' lillliW, 
of the itiachiiie hiul allowed, Wht^ii rujiiovi'il, Ilir ]iiiTr wiis s.micwkil 
irregular in shape, the iliuini'tejs vaiying from i: 

No. 25 (8,57 copper, 91,311 tin). — A iiresHUi-e of li.'i.!! pounds |nr siiiiaffl 
inch coinpreaMed the specimen 11,1117 inch. The l"inl wns im ivasi'iiH 
0,778 pouiidw i«T sqiiiirc inch, the elt'ect of wliidi WM^ to ir.tik the si>e(i 
men at top and li..tt.iin. loiitiin;; «Td;;v -^.liapcd pier.-s. which, Lo« 
ever, .lid not l.i-.'oine srpaiati'd tiiirn I he mass, Tli.- li.'iKht ofthesitet^ 
men ulieii icnio\i-ii I'loin Ihe inin'liine was l.iKi inilies. Thi- sei-tion wa 
verviri'e;.'n1ai', somewhat elliptical in t'orni, and varvini; in diameter 
0.S4 to li.'ir. jn.-li. 

X'l. li(i (:!.'2 r.i]i|ier. !M>.;U till) yieldal gradually to the applied 8tli 
At a pressure ■>!' i;..'.U> iioiiiids per aquiU'e Jlieh the conipreHHioit 1 
0.tlSl."j ineli : the |ni'ssni'e was iiici'ea.sed to il,77S jioiiiids per sqiiHl 
inch and tli.- pieee « as then removed. Its lu-iRht had I 
to l.lll iiielies. Its diameli'i' varied t'nnn OM to II.S!) ineh. '['tie stnili 
of tbe .spei-i 

apiwarwnce of the sides extending' lhronj;!ioiir the hei;;lit ot (he te«P 
t>teee Wuh an evidene.- of tin' lioiito;;eneonsni'.--.s ot tlieidloy, Tlie \nvi: 
was eonsideridilv bent; tlie direetions of tli<' markings or'liiie.H hIiowH 
a tendeiiey to a weiij;e>lia|ierl separation at the lop and bottom. 
diieliht> of the pie.'.', hnw.'ver wa« to<i gi-eat to permit fiiicttire e 

No. L'T (11.74 eo|.|per, It'.t.OL' lin) ofleivd a mnnewliat le.>4s nvsistAlico I 
r'oniiMvssioii tliaii No. L''!. A pii's.snre of (i,."ii;t pounds per sqnaiv iiK 

- <■,! to'.r- 



po 



Its he 



,'ht ffi 

iiijih im-i 



uilai 



. hotli No,. : 



>rh 



and api 






l>'o.2ii 



nil I 



I nndi'i 



in heha\TO 
formlv wrinkled, showill 
i-d stress. No eniok H 
l!..-.l!t iionnds |M-r sqiuU 
inch was ll.7."ii; inch. Tiider a pressure of lt.77.s pounds jht siiimi-e iw 
the hei^ilil of Ihi- piee-' Was r.'diieed Ii. O.IKS inch. Its seetiou Wiusli^t^ 
oval, with diameteis av.Tii;;iii;; fiom n..s7 to l(.,S!l ineli. 

No. :iH (all tin), behaved in all respects like So. 24. showiuK a J. 
ually iriereasinn i-e^i.-ftance until the jth-w was removeil with a uompi 
sioii of iieju-ly oiie-lialf its ongiind leii(<;th. The maximum resistwtot 
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was miirh less tlisiii tJint of No. 24, being only 7.4i*7 poniida 
inch. The iliauK'Icrs nC tlic |ii«c'e afHT i-eiiioval varied from 
. ,80 ini-h. iiii.l IiikI ii iii'iicly t'lliiiliciil RwHon. 
(all co|.[Hrt. — Till' ii.inpic-i^iniL l-iiii tinned nearly proportional 
tresB up ti- :iliniii L'."^^.iiiiii poiiiiils ]»-i- scpmi-e inch. A very slight 
a doiilile rin \-i> wiLs tlirn oImi rvrd. The i-esistane.e ioureased to 
onnds per miuiire ineh at a compressioii of 32.1 per c«nt^, wheu 
e was removed, its diaineterH haviiis inereivsed to 0.75 and 0.78 
measiired in various part* of it» Ifiiitrth. Tiie bend in the piece 
J slitfht, and it would appai-eiitly have oft'ett-d intivased resistance 
ler ooinpn-xsion indefinitely. 

SECONli SEH1E8. 

ALLOYS OP COPPER AKD TIN. 

Bcond weries of eojijier and tin alloys consistwl of twenty bars 
3ie same numner an those of the pfeceding serieN. The mixtures 

ade without i-t-fiM'.-ur<- i<i tlii' <'lit-iiiir;il iM]ui\iili-rits or the atomic 
W of IIh' iiii't;ils, hui vi-rc w.-i-linl in I'Vru |iei<'i.-ntagefi, there 

a l■^lll^tilllt (litV'Trlii'i- iit" --i lii'l' I'riil. livlufcii iiiiv t«ii ildjuiuillg 

I tlx'S'Tii's. Tlu'lii'si li:ir I'oiitiijtu'd in IIk' oL-i;:iti;i] ndxture 97.5 
jit. copiirr iiiid L'.;") jH-i' nut. tin ; the swoTuI, ifJ.ii eopper and 7.5 
id Ko on to tile iwi'iitictli bar, whii'h I'^uitainetl 2.5 per cent. co|i- 
(d !'T.."i pir ri-iii. tiii. The bars were nnmbeied iu regular order 
I. ;si to N'o. Jll. 

Uuwiiig table shows the perceutan*' eniuiMisition of the orifrjnal 
of eacli bar, its nu-au wimpositioti as subswiuently det«rmined 
^u of turimig* firoru diHereut portions of the bar, and its mean 
gravity; 

Tablb VI.— Srcosd Shkiks— Ali/ivs op Copi'br and Tin. 
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the bars, ploa-eil in a verticjil pdHition. and was hcjiU'd U> pri'vciit Kiuldon 
cliilliD); of tht^ iiiolh^u metal wtiile Itein^ pouriMl. TLe- nioWl whm tivut«il 
to nearly red heat iutumtiiij; the alloys <!Oiit^inin{;ttiehirKtM'{)ere«utaeu 
of uopper, ami the ttiuipvratiire was diiuhiished a» the peru«nttkt;o of tin 
mcreA8ed. 

Mnch less difliculty waa ex])erience(l in getting gootl caHtiuK" at 1i* 
first melting than in tho first series. Bars No, 32 (lt-t.10 i»i>|H-r, 3.43 tin) 
and No. 37 (C7.S7 eopper, 32.0U tin) only requiring to be melt«*d thni: 
tiuiuB, anil all the otlierH only onee. Bars No. :iS {(>'2,42 cupper, ^7.48 tiiil 
to No. 42 (4.'l.!'!l eopjier, ."ia.tll tin} inclusive, however, broke eithej'inllie 
mold AvhiliM'ixiijii;.'. iir 111! In'ing taken from it, or in nulMcquent hiiDil- 
ling. In thcfii- iiis<'s lists wi -re miule of the broken pien-s witlmiit i*- 
melting. Till- djlli(-ull\ « illi No, 32 and No 37 appeared tn lie esiUMil 
by iionring the iiiiiiil iii tin- ftrnt meltings at too low a teni|MTiitni-e. 

In ciKsting baia No. 37 (Ii7,87 eopi>er, .'{2.09 tin) and No. .'(it {57.S7 wp- 
jier, 4L'.(iri tin) a curious phenomenon waa observed. After Hlliii;^ 
mold with the molten metal a BniivU amount was still lelt in tlit- Ixittnip 
of the enieible. This was ]Hinr<Hl out on the brtek tloor of the tbunili^' 
and left to ctiol. While eooling, the surfa^-e of the metal beeame cov- 
ered with au aggrej^ation of grayish-wlored needle-like crystals, wUiii 
appeared to groic out of the metal and w>ver it in some plaiUM nearly V> 
the depth of one fonrtli (if mi im-li. The crystals wei-e removed from tl» 
metal and hiimliil t<> \'v>\'. A. i;. \a-viU. of the Stevens Iiwtitnteof Tw> 
nology, for e\iittiiii;iliiiti. » Im tiiaih' a re]K>rt in which he calls the Bub- 
stimee au artilitiiil mini'iiil. He says coneertnng it: 

Th^ crystalfl art tu'<HlU>a. not cxoi-iiliiiK i inch in leiiglh nnil gi|n 
Lnxtcr luluiuiiiitine anil of grcnt lirilliiiiivy. Color, wliitti hiiiI 
M'ratchoil fi:lH88, itti linnliir'Sft tH-iiiK i>v>'i' 6. Tli? H|><>ciHu ^aiitv 
till! liottK'in MK. It will ho nun-il llmt tills ih Uiuit than th<< ■ 
iiatnnil c ' " 
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copper. Thy mincmi in thrmlui'" :iii iiriilii-iiil viiMi'Iy .ifiT.v.iiiilliKiil ni:iiiiii<* iixiile, 
i.'UBgilt>rit«. 

As the tem]H'ratnre of the metal while being poured is supposed 
have some influence uiMin its projierties, an attempt was maile to obf " 
the temperatures of existing with this series of alloys by pouriug a so 
portion of the molten metal, Just before ixniring the remauider into 
mold, into a certivin weight of water contained in a wooden vewel 
noting the increase of temperature of the water caused by the hot 
and also the weight of tlm metul pourt>d. This metliixl is the sai 
that employwl by Messrs. I-evi and KuiikcI in their experinieutJi on 
phor-bron7.e.» 

The data ohtainwl are the weight of the water used, its teinperat 
before and after )ioiiring the metal into it, and the weight of the 
The relative temperature is then found tram the formula 

., IN'"-'! . » 



wi-i^dit (if rlit- water, P, the weight of metiil pouwA 
if llii- wiiti-r Ill-fine and (' the temperatiu-e aft«r poW 



'I'ilii' I 
II .if til 

* CompUa Rendu; V 



Ml.lftI 

.■ alli.y 



e temperatiue aft«r 
ssiL]iie<l to lie the mean of the specil 
I. 73, 1871, Jip. 530-534. 
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I'rttj* of Uie ci()nii>»ii<>iit inPtjils, ami for thcsu fbc (lyiiiiw of Ht-^imiilt; 
re used, viz, coj.per n,t)!I.Mr>, tin (l.trrfi:*:!. 

This t'oriuidii will not jrive tliu »rtnal teiiipcratim' nf i-astiiig. sinw it 
eglects tl»" i'lut tliiit t hi' Kpi'iifli; heat of a melted metal may not bo tim 
tme a» tliat (il'ih.' suliil nu'isil. ami since alno it nejilw^ts the hitent heat 
f Avtiou of till- ni.-ll('(l nigral, the amount of whirJi is, a« yet, imknuwTi. 
ho results, however, will aiijiroximately ami relatively rei)re.seiit the 
smperatiire», ami an the data are all given heUiw, the mutual teniiwra- 
irea taay l>e calndate<l whenever the spet-itii! heats of the molt^'U alloys 
od their latent heat« of fusion shall have l>een determineil. Tlie 
motuit of heat transferred t« the womlen vessel which oxintained the 
rater, was not (leterrained, hut the loss i» probably so slight that it may 
A n«{^lecte(l without material infliieiu* upon the results The following 
|Ue ^ves the data which were obtjiinetl iu these ex[)enmentK, and tho 
^■Beratures calculated troiii tlieni : 
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The temiMTiitures of ciwtitig of bars No. 'XI and So. 37, given above. 
/•^^ those of tJie third oistiiig, those of the first and second meltings 
"eing of no value, as the thinl casting only waa used in the tests. 

In the first casting of liar No. ;tl3 (94.10 copper, ."i.43 tin), while potir- 

Bof IhB metal into the water for the teiiipenitnii? test, au explosion 
?ok pla^.'e which broke the wooden vokscI which held the water, and 
J**ew water and metal about with gieat \ inli-ncc It ii|>pciirs piiilntble 
^atthft metal was heated to an nnu.siiiilly lii^li icin|nTiiiii(c. as in ]i(Hii- 

"^IJ; other metals when at a dazzling "liiii' ln'at i'\|ili>sioii,s .■inmcli s 

'*«)k plat*, but they weiT nsuallv not vinlrnr c ii,'li ti> do nuiH- than 

■siku a slight report as the lux metal l.iiirli.'.l tli.- warcr. 

-Allcr tlie bars wciv cast iln'V wn.' linisln'il In a H'ctangiilar section 

'.Vgriudingou an emery- wheel |ilaiiiiii:- i-liinv. The brittle iilhtys gave 

'' l^ivat deal of trouble by bi^akitig at the etal.s, and some of theiu in tJie 
'>i<Wle, while t)ciiig ground. 
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Bar No, .ft (f>7.S7 co|>i»or. .32.09 tin) sliowetl n moat iciiiai-kablp ilefn*ee 
of brittltiiit'ws. Wieu mst it ii{i|ieareil |ifi-tW'tlv soimil, iiini was fAken 
•tutor liic- in..lilatid laid ii|>«ii a t:ili1<- \\1>i1<' si ill Ik.i. Wliilt- .'.hiIiii^,! 
cliil. i.faliiMii Ihili' aii iiii'ii l.-ii;; Ilrw i.lV rn.iM varlt of two, it* tli,- iKitfiiB 
ronicr.s.ir till- liiii-s. Tlic liinhin' iia.l a ,iin .-.1 snitiuv. ari.l k'ft Ilin 
lH>tt..m .■-.iii.-rs iimiimIi-.!. TItr i.rNi (l;n ai< attniipl was Mia-I.- t.. ^.Tiwl 
Ihf U'\> of tlir \>:iv i>ri an i-mny ■.vjin-j. riii|is nl' siiiiiliir -■nrvtil frinii 
iiiwtaiillv llf« iiir Irniii (lir .■.nii.'is, uml mt .■,-iiliiHiii.;; f.i pi'i-ss the end 
of tlif hai :i-aihsi tlir siil>- nf l!ir w hc.-l, rrstiii;,' it at tli>' saiiif time OH 
a. tiible wliifh almost toudiud tbv- wIi.tI, cliiiis roritiiiiinl to tlj- Irom the 
bar, alwiLys brcakinR with a curveil or i-omlioiilal tijictiire, Fiiiall.r 
several chips tlew off at once, and left tlii> iitil of the bar with a roumled 
l>oiiit, brilliant and smooth, a« if the itirtal ba<l liiiri luclteil off. It wan 

then attemptwl to grind the Iowct end on a t;Ltrid,-it bnt the at(ein|il 

only Kue^jeedwl after several (.'liips w^n- limk.-n oH', altlmnjrh tlie grentwt 
rai-ewaJS used in Uolding it ai:aiiist llir simu-. Tlif aii|iraraTic'i' of thin 
bar wa« almost esuetly similar to tliat of No. HI ((iS.riS <'<>|i|ier, .'{llNi 
tin) In the flxst series, wliidi liad nraily tlir ,sa ■uiil|" ■■ 



Bar So. 3H {&i.i 
;^auid,and the two 
[ibu'e, which was sii 
nre, 9 inches fn-in t' 
liant silver wliiif iti 
the frsK^turciittlir l< 
dark (j^niv. ra<liiiii-d 
iii.licnt.-saii .■1ltilv]^ 
.llirili;.' liir Icsts sb. 
otln-r wa^ L'la.ln^i). : 



,-i{ >iLlf;ir,-sslLovv,M ; 

C'.ulimifd l>yani 

lie bar, wa.s snim 

'. bar yo. 37 (67.87 

t of the bar, fl incln 

stalliiie. HO diffeivi 



Ih.-pi-ir 



Mo. ;tit (.i: 



•i)|ili(i-, .IT.IS till) liLiikc j)itn tluc.' (.iinvs wliili'lwiiiK 

IVai'ltiK'iI MLi'f^ii'cs sIlovvi'iI that Iii|>ia1ii>ii ]vmI tnketi 

)sci(nriitly c'.utiriiii-.! byanal>si>. Tin- ii]i|jer triH't' 

of 'the bar, wa.s sniootii, coiichoidal. and hril 

:iL'.ii!i till), wliil" 

the bottom, va* 

tiie lirst that it 

■liai'arter of nietai. Ffiictiirrs proilu(»l 

the i'liaii;;v trot, i: ;i|.iic;irance lo th« 

ri-v wiiM a.ii|iaiciitly a ;;Taibial incityuwlli 
■ bar from bottom U.i t^ip. This |iheiinin- 
bars No. 14 (51.6a e^pj.er, +.S.IHI tin) anil 
) of the lirst series, lK>th of wliieli con- 

Htpper, 4U.H5 tin) and Xo. 40 (.53.4(1 eojiper, 4tiM tin) 



alrto broke in handUiiK. bnt did not exhibit any ap]>eaniiie(' of litiuatioBW 
"" " '■ "' "" were all similar Ut that of tho loww part o! 



The friRtui-es of Xo. 
No. 3S. 

TKST; 



BY TRAKSVEBSE STRESS. 



Secontl Scries. — Alhyg of Copper awl Tin. 

The bars, after liaving lM!en prepared by grinding, were tlieu te8t«d "b, 
trail 8 verse stress. 

The apparatus nsed was the testing machine of the Mechanical I/aboi^ 
atoiy of the Stevens Institnte of Technology nientioneil on pajre 313 a9 
bavint: Iwen used in the test of bar No. 30. A cut of this mat;hiiie if" 
ehown below, _^ 

The ap])ar.itiis consists of a combination plat fonn -scale of 4,000 pon&dE 
capat^itj-, having a platlonn ."i fi'c-t in length and 3^ feet in width, cxaxf- 
ing a heavy cast-inni liasi-plati-, r. .'. f(-..| I on i;. on which are njoont*^^ 
two heavy standards, oi sn|.iioii^. D 1'. nvclvi' inches high, which stfA 
along in a gix>ove in tbe basc-i'latc l', ami itia\ be i-iani|)ed at any point— 
These supjMtrts are le\»'l on tlii'ir U|>|ici- surtaccs. and carry two roller^ 
Ul»on which the bar to be ti'sl.-d is .sui.jiorli-d. The prcssnn- is exerts* 
bv^ueans of a liandwbi-cl, K, inruiM;: a hii^c siiiiinc threaded sereWp. 
whieli woi'ks in a larH;e nut supiiorlrd by two bolts, !■' F, which I««* 
tlown to and are secnn-d by large wasliers and mils to a heavy oak «■«»- 



M»iHn, G, niiderucaHi. Tlie stresses thrown nii theljar hy Hie liuml-whee! 
mcl screw are resisted (iirt^etly by tlie |iltitlorm of the scale, ami are reg- 
steTPci on the scale-bciim M, which is graduated to roiui to two jiouiids, 
iitt is Heusitive to less than half a ptuiiid. To insure mort< aeciiratfi 




taadwicing. a iwintcr wiia attiu-hed to the oiid of tli« sc^le-bcam, which 
in«vra acroHN a f^radiiated an^, The jHtititcr wiU4 always brought t«i 
~^»t at the Tiiiihlle of the arc in tnkiiip:thi' oli.serviitidiis. The ni>i>sinmin 

liis worked vci'vsiitistiK-torily mid jrivesre.Mdt-^ with iniicli jiprciiter nipid- 
I ~^. ;iilil with eijihil, il' not ^'realcr. roni'i'tiK'.'^s lh;iii Ihc iiiiii-litiH-s IINcd 
'• lwrill^' Ihc lLi>r series, in wlii.'h wcLj;hts«cn-rc.|iui-ed to Ihj lifted ou 
'inl„|f II,.. l.ar «li,-iic\cL ;l m-I «i.s i.liservc.i. 

Ill !.'stiii« .liiriilc itii't:ils with liiis maclilTic, it will Ih' noticed that re - 
•' i]isiii-c i>lil:iiii.'d vi'i'v liilV.-i-i'iii iVi.iii ih.ise with dwul loiuls when the 
';iris allowed lo ivst iiiiiI.t .-iicss foi' aiiv h'rist.li of time. In the test 
ds. whi'ii a U>.,-\ is [.laced on a l.ar and Ihc ilctlectioi) is 
ijcrcas... II,.. I.iad .•oiLliiiiies to a.'I as luti.:; as the lest contill- 
l.'st by 1lii.|.i..ss(ii.. s..r..iviiii.l s..al.. i-uiiibiiiiili.ni, the deflec- 
is iiiiiiiitaiiici c..],staiit by the s.'m-h, wliih- the il..ii.-asc of resist- 
i: of rhe bar is shown by tlie (buiitiUi;: of the scale- liea in, and its b^- 
a by a smaller weight, moving the sliding poise to a lower flgiu'e ou 



'.\ iieiiil I. 
• I law.-d t" 
'"■s. li, til 



To te.st a dnctile metal bv the [iiT'ssoresen'W cxaettv ms with dend 
L"wts, it wiadd b,. ii.-c.-ssar\ to ,'oiiliniii. niri.in-- th.. haiid'whc.-l jnst iiiji- 
»<llyenon};h to Ue.-|, Ih.- srid.. beam cr,iisli,i,tlv balaiic,..!, s.ilhal Ihi'i-ivs- 
gUniWonld remain cnistaiit an.l th.- .Icll,'.-ti.)n increase as in the test 
rdetul loads. With very ductile metals, which sliow nndcr some 
n A decreasing, and nndei' bearier loads a mpidly inefea*iing, rate of 
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increaws of deHwtiori. rhwwtiiilrt Vh- inijirai-Hcjible, Toobsen'otbi-cifoet 
of time ill U^ntu of the ihmtile lot^talR, tbeivl'ore, the detieetion was u 
iired wlifti the seule-lvenia bnliiiieed lit a eertiiia tlinirei •tncl then, as Uie 
beam (lr<)ii]>e(l, Hhowiug a tietireaite of reHi^ntaue^ of the bar to stress, tbe 
jioiHe wii!4 piiNheil biutk until the beam bHliiiieetl a^ain, and the 6^iK nu 




Fio. 13. 

the beam re<-onieil and the time noteil. As the iM'am di-i>]i]ie<l agtiinit 
was agiiiu bnlaiii'A-d, autl no on iim Iou}; as it wat4 ih»)ired to continue tli6 

t«!St. 

In the iipiH'iidwl tiihles of the teats of the seeoiid series, tbertifoxe, i1 
will be obsi'i-vi'ii that wlieii " time tewt*" are uia^le, iiist^a)! of aotiiigu'^ 
incwane of defleitioii with vavioiifi thuew iif leavinp under stress, as io 

the lirsl series, the diH'reii-ie of n-sistarii'*! is noted, iis iiie:i.siire<l on tin* 
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!■ ol' rosisfaiu'i:' tfiNtrci- 
'.ls-'lHMmsinks.-wli.- 



scair iM-am. The die 
in rinse luMes by llic wi.r.ls "hciUii sii 
t« (Intp wliile tiikiii;: tin' ii'mliiiy <it' 
wnji itt ont-e con tint It'll wirliout stoiipiny^ tin- " t 
liouH lit' tlie hiua tt^.steil iu tliis aii|iiiiiitiis m-ir 
meiit (Pig. 13) (le^i^ued for tins piii-pusc, wliiili 
scivw and contact level, BiitiUar to lln' insimr 
Stiit^'s Coiist tiui-vey for wmiiiarijiy stauiLinl iii 
The scitw l^aa 40 threiids to tlio incli, ami tl) 
jiiirtM, no that a turn of tlie scruw ttirouffb ii <l 
division on tlit- scale rorreHiiondii to tin ailvaiK > 
iml (.fTpiJ.i,„tli of Lin inch. The srn>w and the 
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.itrdby 



iln'siTvw tlironixb its ' 

ni;s.ifliiriiradoftin> 
irlK in til.' I'lnt.'i' of 






iindl 



■ il.-ti.'. 



b. tin- 
L.-i-itH. 
■ ol Ibf 



cn'or wlLtcli is jii-oportional 
.■at-li in.'h of its lonytli, the 
inu.'iy. (MIO!H.*,"» in.li. 



stan.bn.l wlinli is b.ilt.'d tirnilv to Ibo 
' of Ibi- iiia.'liitii'. iiii.l [dac'd in sncb a 
jMisil ion ! iiai t hi> .-nii of tb.- I'liirt .jin.>t.-i s.a.'W ivsls on a Hat sni'la.'i' on IIk- 
n|.|HT sidi- of t|j.' [li.'c.- wliirii a.'ts on tli.' niiil.ll.> of tbe liar to Iw testetl, 
and i!iroii;;b wliiili tb.' piissiii'i- is a|piiliri|. 'Ibis jiit'ce Ifi gllidf d by the 
riHls wbiili siislain tb.' mil in wlii.-b tbf !ar;:i' |ir.'ssiii'e-8crew I'otates, in 
siicb a tnaniKT that it .'an .>n1y niovr in a v.'rtb-al dii.H'tiou. 

A spciial ti-sl was mad.- of the a<'fui'iu:y of tbo inetliod of moasiiring 
ili-llt-(tioi[s, iuiil a sli;;lit iTror was found to arise fi'oin the detleetion ot' 
till' bi'd platf' of Ibc iislinir-nKKdiinft. This error was found to amount 
to (UHKjil ini'li wli.'ii tbi' inai'bine was stndiKil fo its worliing limit, viz, 
■I.IMMI (loiinds, and it was also tonnil tu bi- iiro|»irti.)nal to the Stress, or 
IKIMMMMllLTi in.'b for e;L.'b iioiui.l of sln-ss. wbirii ,-iTor, if ahsolute aceu- 
nu-y is d.-siivil. sb.mlil Ix' ad.l.'d to tb.' obs.Tvi-.l .b'Hortions. 

In tfstin/i ibt' softer mi'fals an i-rnn- is intiij.ltu-i-il by tlif eomprofision 
of the bar at the i«iint whir-h is toii<-li.-.l by lln- |in-ssure-l.lo(-k and the 
IKiints whieh ri'st on the mUiTs. The etl'ci't .if this .'uinpi-.-ssion ean, in 
Bonie eases. I.e s.-.-n .>n tbi' bats aft.'f they have been lest.-d. Tbisoriitr 

i.'d to be nearly ronstanf afti r Ih.' aiijilieati f about n hundred 

ids, tbi' i.i.'ssni.' hlork iin.l inlh-is appi-ariii^' t.) f.iriti [..Tinanent beds 

lii-nis.'lv.'s. II Tiiav iiailially aer-ount foe the ap|iai-.'ntly frn-ater in- 

s,. .if d.'He.'liiins foi' e.|iial iiieivnieiits of l.iad n.'ar the iM-ginniiig of 

L* test tliaii.'lsi>«ln*r.' near tin*. 'last ie limit, and tlierefore for the appar- 
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*8«o pii(ier by thw write 



the rer.irds of tho test of ea<?h bar, and 
etindvnsed siuinnnryof all results: 
"Oil the Hnli' of fjk'l," iSif., ApjiL-udix. 
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rtUTES ON THE TESTS BY TRANSVIiltSE STltEMM. 

inpilrili;; tlie results pvi'ii jii tlu' jil'ii\i' ttiliti'witU tlnwenl' the triviis- 
6 tests uf the. first series, {.-iven in T^il.le II. |iiit:i- '!">:;. it « ill In- s^eii 
! is 11 very close n'seiiil.lLiiice. iii.li.Miin;; Ihjl lline iMi.leHiiile 
■etiin; the str.-ii;.'lli witli I lie i'i.iii|.nsiljnn ol' tli.> ei-jiinT aiirl tin 
■ ■ regular nine ..tii W ].u.[ ,i„«-ii fxiiressin- ll.i« hiw. 

ti;it )!L the seei.jiil srrj,> llie tii;L\ii>iii]ii Mtn-iiKlli wa« 
iiwrt l.\ N... ;U iSij.Ti' .■o|.iM'i', !7.:i:: lin}. \ihil.- in ilie (irst srrien it was , 
liif.il. ■.! U Nm. r (Mi.ti--, ,..,|.|..-r. is.si iiti).v\liiel.ilillriv.llmlUlll<-fWiiii 
ijl ei>tiii"»iti.iii. Ill hotli w-ri.-s ilii-ri- i.-. it re;.'iiliir l.iit niliitl lU'cn^sist^ i 
toen-tli t.. iillns No, l^i (,-,11.7(1 eii|.|»T. i:(.i: liii) ..f ||ie tirHt serif's, 
l>'... HI {.■.:i.4(l .-.iiiiuT. II1..-.-I till) i>l till' Meroiid series. Kifnii these ' 
foosilions to tlie <-ii.l of ,-;i.-li M'lie.s .ill „f i\u- h.u-^ |.,.sNeHs Imt little 
Rfftli,bllttliereisii sl.iw^tii.l ,-,oinr\> li;il itii-iiliii' iiinviis.-of ntl'l-ll^li 

M,aiicl 5o.4«i2l.l!<i .■o|>|..T. T7..-.stiii) in llie ^.t.hi.I ■.eii..>. m liieh 1»w« 
i what lias U'en calleii llie "sri'iiiil iiiii\iiiiiiiji" poiiilr* ill (III- eiir\'i!H 
Jatrh series. Tlieir resisiaiiees thru -i:iiiii;ill> .hTi-eaM- to llie end iif 
h series, the Imrs m the i-ml j;i\iii;.' ihr ■■si'i"iiil iiijiijitiiiin" iHiintsiii 
h eiin-e. The im-friilaiitx in ^lien-lli in llie Jallec |.;iil of the IlrsI 
^ (hies not oe<'Hr in the -i.rrinil ■ieiir-, sinec ihc hilter wiis tuKt«il 

Kiinore utiU(iriiiit.\ as to liriir iliuii tlir 1. r, 1 

M results of these !i-i- il<> imi -i i m ui ronnlmrate tile thwry (fiveii 
nme ftniters, thiit |t.-niliai pM-|"iiji~ ;iii' |iossesi<e<l liy the alloys ' 
fih are HimiMJundeii ot >jio|ile niiiltljih'^ of their nloiiiie wciKlit* or 
'iiiieal equivalenls. and tluit thi'se proj.enifH aie loht ii.- llie riiiii|H>Hi- 
118 vary mare or less tnini rlii.-: ilelinite eoiisliliitii-n. It iIim's a[i|ieiir 
Itii certain jiereeiitatte roiii]HMitioTi ^-im'h a tiiaxitniiin siii-iijftU anil 
Kher reitaiii iiinentage a iiiiiiiiiiiiiii, Iml nrilln-i' ol tlnsi' i'otii]Hjsi- 
b io r<'{>ri'si'iii>-il liy siiiipl*! iiiiiltililes nf iheatomie wi-ii^hls. 
^Kiiit-s. theii- a|>|iears to lie a i>erteett\ ii';."ihtr law of (ji-i'ii-a-te friiiii 
iiiiitiiiuiii streu^h wliieli ilois not .ii-i-rii t<i have any 
on u> the atomic pmiiortiuiiK, but oiilj to tin- i>i.-reeniaKe i-ompusi- 

irriiig to the apiieniled tables, ;;iviut; the iih-iiiiI of the tt-st of ewh 
nl the plate of |ilotte4l fiu-\-es which aeciMn|tuniejf tli<.nn, the follow- 
BervatidUH may be niaile eonceniin^ tlie.-<e t<Mts. 
No. 31 ('JO.Oy l-opjK-r, (l.«: tin).— This bar provwl i||nui I*s1 to W 
.esRtinjr, anil a|r)iurently had a crm-k in the middle wliieh wai* not 
mA till after SWt |M>iinds jin-ssiin- UaA Ut'U |i1ae.-d on it. Tlie 
tt'lastidty apiK-ared to 1h- n-aejieil at idHuil ijlKl |-.iiimU. iiml aset 
jlieJi was okstTve'l at the same jHiint, iHith of whieh iiidi'iittd the 
ivi^ streu^h Ix-foTVf rniitiiiv. The tiKHJiilio of ihislieitx iijso was 
l«w than IhiRse of other l>an* of nearl> the same ■KiiijHiHJtmn. 
bnnkinK. the frsH-tnre »howe«l the iin-iiil i<> 1h- full of blow Index 
'ia*I a iHirtially oxJdb^^l aifjieuntm-e. A* h:it No, 'J I'.t'.Mi eojifHrr. 
i) of ifie first series wa« alsodcfiiliM-, il is indieiited that faulty 
KMV vert likely tu occur with alloys containing h-ss 1hau3|>er 
' tin. It is iMKsilde, howfiver, that NMinil iKim may Ite nuule if 
till in ininnril at the jinigM^r hi-at and ciHdril at the |jn)|i4'r rate. 
Init was defective, il isomittet] from the |ihitt4-4l ritr\'e(((I'l»t*! I). 
i'So. 3S {9i.Ut c(i|i|ier. .j.4.'t tin). — Tliis {m>vii] to be a goml liar. 
Dt without brvakine at a load of l.imi) ixmnds. Fnim the (dolteil 
irfBtlviwexnnd dHlectious r Plate X\'[i) it a|>|Mfani that the limit 
tituty was n-ached at alHiul <;iH> |wntids. 
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A set nf ll.Oll.'i iiii'li ttMik jihiue nf 40<l )ioiiiiilri. At 4411 |Hiiuiili>llif 
swilel«'inii WHS oJinervttl to droji while tiikiLg tlic (U-flfttiwii, ttntnii^ 
iitel.v nttei' it lia^i Ik-cii lialiiiioed, sliowiii;; a deert'ase of i¥«i»ta]iue U 
t'onsraiit d'Hi'i'tioii, wliicli has buen coiiiuieiit(.-d ngxtii iii (Ic8<:ribiugll0 
iirtioii 111" ilic iiiinliine (i)»gf 347), Tliis also (M-ciiiivd at evtry luud be- 
fid 440 |>iiiiiids, ulthou^ti it is not iuit4Ml in tlu- table. It it tu bv 



I derreawe of reNisiniK^e to ntn»\ 

■ ;it ■■very load siu-e«-e(|ing tlml j 

■ if rlie 



hat ill all testM in v 
Hilled, tliat deicnuuie also tiMik |>l< 
wliirli it is liif*t observed, to tin- ei 

A " lime tent" was iHiule nl timi (luiitids, sliowiiia a deeiVH 
aiiee in 'J niiiiiileN to riSlipi.inid.s. mid in I 1ii>iii'4S ihiiiiileN to .'illl' iiniiud 

liar Nu.;.i;i (.H.S,40r.i|.|ii-i. I L.V.I tin i.— Tins l.ar |.|-n\eil iiiiii-h stiuilgrt 
than No. ;!;;, hmikiiiH iil ;i lo;id ..f J.Tim iiomids. afliT a dell.-<'tii>[i 
alMHII 4 itLi'lii's. A set ol' 11.01 lli iiieli wjw ..hsrived at liiMt |ii>iirid*, a 
[lie liiiiil <>r elas1i<'it\ is lakni at lliis point. Al TliO ixmiiib tk-lHli 
showed a de.'|-ease oi resislane.-, the seale In-ain .slowlv JiJnkilif: M 

its middle jiositioii. Tliis Uiv dill'ered Unt little in < iposltion I'nilfl 

N... l.i (.ST. I.". .■.i|i].ei-. li;.73 tin) uf llie (irsi series, whieh was (Mtli 
|o iH'det'ei'liM- 1>> reafiuii i)l'U<lUsition, and il I'ontirins the indieationiUKlif 
tinned iiiidei' tlie tranHVt>rt(H t«Ht (if No. t>, that, the liijinitioi 
i-iiiised l>v (lie jiartienlar inixt.iiru or i^niii position, iiut by .some [MM-uliiiritJF 
in easliii;; or loolinji. Tli« tnuitiu'i! of this bur was iu color a l'_^' 
fii-ii.vi.sli yellow, .slij;litl,v darker in tli« center, and of au earthy applH 
anee, entirely deviiid of luster; a few vary Hninll blow -holes were •" 
ar-aind the wl^es of the fraeliire. It iv.send»h>d uouiowliat the a 
huniogenooiirt Ihu'tiires of liar Xo. "i \'Mt.2~ eo|.|ier, !f.."i.'< tin]. Its »h 
was trapczuidal, a ehaiaeti-ii^li<* of all tVarlnie.s )\y traiisverne stres> 
metals jiofwessing eonsiderabh' diielihl\. Tlie iiieasiTrenu-nt of IhisftatH 
tnre showeil the Wadtli at the t.-jp to i.el.iMi;! in.'hesand at the iMittW 
11.937 ineh. TUc depili «a> ii,!i7i; incli. The oriy;iuaI section of tbeU 
was rectangular, biTadrh n.nT.'i iin'h, and iie|)lli (i.!l77 birh. 

Bar No. S4 (8:i.7L' coi.iht, iT.ii^Miii). — Thi.s biu' was the strongMtl 
theHerieK, anil also stron^'er than anv bar in the ttrst series. It mokti 
\HHi ]n.nmlH, after a dellectioii of (Mil25 inch. A set of 0.(1098 irtdurt 
obM^^^'ell at 1 ,<K>0 [KHinds, and the limit of elasticity was ivached atl^ 
pounds. 

In brealnnc:, the bar gave Oilt a ringing soniid. and the two hrfn 
flew out IVoiiL under the Jiressure-sci-ew, aud wert- I'oiind mi the platfonB 
abont tour leel a)iart. The tractiire was of a ]>iiiUis|i j;ra.v color, n'r" 
tine, ;;r;iiinlar, and lioinogemHms, except a sjiot in lln- eenter which* 
peared to be a mottled mixture of the pinkisli--,'rav willi a dull, eiirtli 
vellowish-grav. Theiv were ii.i .si;.im of a «le«'rea.se of n'siNtanee thrtrngll 
ont the t..-st dnririy the times m-ee.ssarv to lake n-adiii;is of deHei-tiui 
(from ;tO se<:oinls to 1 minnte each). The tVacti 
last reading of dellection was taken, and ab 
beam was ^antwd at 1,840 pounds, tlie beam 
the instant of ruptiu-e. The appcaranei' of iln 
\'ior undei- stress wei« verj' similar to tho.se 



^ n-adin^^s 

re t(Hik 111; ...... _ .. 

lilt :i() seeonils after ih* 
eiimiiiin^' balanced uuCQ 
rraclnre and the h*!* 
e of bar Xo. 7 |SH.',15 copp* 
18.S4 tin), whieh broke at 1,750 pouuds, and was tlie stningcst btf. 
the tirst seiies. It ap[)ears that tlie maximum strength is aABodt" 
witli a i>ecnliar color, a reddish or giinkish giay, whieh marki 
chanfre fi'oin the dnctile alloys to the brittle ones, and oi-enrs Iwtn 
the |.errenta;;esor tin "liieli t^ixea silvi-ruliilr alloy in whieh no trtfl 
of copiiereonhl liedi^Ieeled b\ the e\i'.;iiid the reddish-yellow tO J* 
lowish-firay alloys like No. li [lower end of bar} ami No. :!:(. 
The tests of No. 7 ami No. :.i4 are not satHeieiil of Ihem.selvea to 
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(rmJue with iio<'iinK'y tlie coinposirion wbich gives the inaximnm 1 
vength of all The alloys of copper and tin ; Irat ft-oin tbe plotted eitrves 1 
rtleteetsof 1x)tli series it api»eara evident that it lies between 82.5 and 
S per cent, coppei'. 

Bar No 35 [TT.Sti cop]>er, 22,25 tin). — ^This liar had less than half the 
nengtU of io. S4, Vn-eaking at SHi poniids atler a deflection of 0.1600 
<"li. tlius again exhibiting the resnlt showninthetest of the fii-st series, 
«■ \ery rapid deej*ase of Btreugth between 80 and 75 per cent, of eop- I 
■ 1-. In all its qualities it closely resembled ifo. 8 {70.03 copper, 23.24 i 
• > 'if the first series. The color of the fi-actnre was the same, a very I 
irlit pinkish gray, with n very fine gramilar stnictiire, Init sliowjng I 
irlit nuliated lines of cooling which were not present in the fractui-ea I 
i-lHce of No. 8. No set ninomiting to 0.01 inch could be detected dur- [ 
ff the test, and the limit of elajsHcity whiS not reached before fracture ; 
le bar, therefore, possessed all the qualities of the brittle allo.s's, («m- 
ned with a considerable degree of strength. 

Bar No. 36 (72.89 copper. 20.85 tin.)— This bar also illustrates the aud- 
Mi decrease of sti'eugth after passing' the iti;i\iriiTiiii, breaking at 2510 
oands. after a dcfieetiou of 0.0475 incli. Tlir limit nl'i'Iasticity was not 
JAched befoi-e fracture, and no set amiMLiiiiiii.' t<i (i.in inch «as found, 
"hft fracture was of a brilliiint silver-white ('{ilnr. with a very faint tinge 
f pink. It had a carved sliain-. like those of No, 9 (Oy.K4 cojiper, 2!).88 
in) and No. JO ((l.s.."..-< f..|ii>.-r :il.2f; tin) in the flr.-it series, and. like them, 
fliowed a laniin;itcd or iinsniali<* Mti'iirtnre. Di all respects the bar re- 
wmbleil No. 9 iiiid Nu. 10,e-\fept in the pinkish shade of color which was 
absent in both ..f tlie latter. It apiwara, therefore, that the change in 
color t'l'oni Jitilit pinki.sh gray to silver-white takes place lietween the 
componi(ii>n>< i-..iiiaiTiing 70.63 and 72.89 per cent, of copper, and that the 
! Iictwcen these limits. 

s; ciiiipi-i-. ;iL*.i»9tin). — This bar was a little weaker than 
iit I'Ti) ii'niiiils, after a deHection of 0.O520 inch. Like 
b;irs it had no ela.-itic limit before frnetiu'e, and no set 
1 inch. The fracture was precisely similar to that of | 
31.26 tin) of the first seriea. 

opI>er, 37.48 tin). — The piece of this bar which was 
stress was only inches in length between supports. 



cliaii(jc 
Bar No. -'17 fOT.s; 

ftUof iLcbi-illl.' I.; 

amountin!> f" "-"1 

Ho. 1(1 (iw-ls.'.-iip. 

Bar N... ;!S iliiM: 

te^Te<l by trrins\"erM" ,**(i"rBPi ^>«& i^m^^ ir iiii;iitv* m irii^i.u (R?Ln trrimujfpui la, 

'he bar liaviog bniken in the einerj-wheel planer as already meutionea 
01 piige 340. Tins piece broke at 210 jiounda giving a modidus of 

SVl 
rupture. R =-^jj, of 2907 pounds, or less than one-thii-d that of No. 

f- Tlie deflection with 200 (wunds stress was 0.0185 inch. This de- 
"Wtidu apjiears to give a very low modulus of elasticity, only 2,000,000 
jwundd, or 3,000,000 if the niwiuhis is taken between the loads of 80 and 
-'*"* iwunds to eliminate the probably erroneous readings of deflection 
M 111,. tH*gintung of the test. The formula by means of which the mod- 
I }'P 

"m of elasticity is calcidated, E = r >. /..p i however, is not exaet for 

"■'urt specimens as it does not take into aeeount the eft'eet of shearing 
"tress, as ha« been observed on page 303, 

The flgni-es of uioduli of elasticity in all the bars of this series which 
'uive less than the standard length of 22 inches lietween sujiports, are 
"icrefore probably much too anuill, Moi-eover, the etfects of all the er- 
"'^ iu tlie teat, those of obseiA ation, those due to compiession of the 
iHHiits of the bfti' touched by the supports, anil by the pressure block, 
■Uul those due to the niicvenness of the beating, will all be inci-eased and 
*iil Uiid to increase the appaivut deflection, 
U. Es. 98 23 
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Tlie facttliiit liiiiintioii iKTiintnl iti this liar wii« iiiiUtl mi imc* ^*^ 
Tho frsM-mir 1>v tniiisvcrw stress jilMM'xIiiliitcil lifiiiiititiii «)* it tUfflimd 
ill iii»]M!siiiiiii'i' IViiiii Iiiith oftlio aci'i'lfittiil fiwtnn-s. It w)W «if a <Uifc 

^TiiV t'ol'ir iiitil Nt'iTiv srnirtiiri'. witli iii> rixlliili'il liiii-s or iHiiiiuw^ai^ 
Wiis NHt li»ni..-.-i lis. |,;ii-i.- l>-iii- hnlliHiir -.ma parts <litl1. 

Uar N...;ili|:.7.s7,;..|.iKT.4J.li:. lirii.— Tlirlrnt'tlH.f tl»-l.arwlicii tested 
wjiB 17 iii.-lK'Ji. It brokf ut 142 jMinii.ls vifln- :t ih-lU-rfum „( tMKil iliA, 
giving a mmliiliis ofruj»turt> r-ounwliiH !ii;;l[iT tlniii Nn. ;is. Tin.- ap 
eut uioUtihiB of eliistifitvis imn-li liiylnTil:;iii tluii o\' Su. tm. Tbc fi'art^ 
lire was of a ligiit-gray color ami >iuii\ stnu'tiur, showing aiinu- i-a<liM(4 
litiea. 

Biir Xo, 4(1 (rt.'(.4ii L-oppcr. 40.54 tin). — Tliit* bar wan only inclw* 
lietwef-ii Hn|iiiorls, iiiid it priivtHl tn lie tlii> weakest of tbo sti-iwt, bi 
ing at 15(1 )kiiiik1s with a dctleclion of onlv O.lMliS inch, giving a mud 



Thi- ii 



Lxlnlu! 



1 i'i)>)ial< 



■ tin), 



It wati a 
wliicli wa 



niiitinv i.f l.il'.lo |M. 

low, UN Llj the CiiM-siit riir 

WHS lishl j:ray aiui il lia.i 

tiiigiiiKhahlc from the I'liut 

ance to No. 13 (50,70 copper, 43,17 

the ftpHt seiif 8. ^^ 

Bar Xo. 41 (47,27 copper. .>2.72 tin).— The length of thi.s Imr wMl 
■ ■ ■ ■ It \Mis hiiicl. str..ii-cr thanXo. 40,l.real 

li'i'tioii 111' D.olSCi iui'ii. ;.'iving a modulus 
'rojii 111.' |tosltiiiii of tills test in the cam 
sstM'iillial it also iiniiciilesalawof g 
a the bur of lainiiiuiai utrmigtii, So. 40,1 
a" stiX'Ugth, No. 4« (21.60 copper, 77,58 ttt 
> u-iit of tho tlrst series. The ft'acttue*' 



ldle^ ll.-t^M- 



'■ '^'IPI"! 



(I.".. 



'"I'l 



-Tiii^ 



tiou (it U.(i;i.".7 iiiih. 'fh.' 
always the ca.se in iraris\i 
JuuheH from the apper or . 
E-c) reiiiaiiiin^ alter fhe 
length betwifii r)i>' Mii'jior 
original bar, KreaUlu;.' at :>• 
punnd» alter a ilefliMiinii •■ 
tieity given liy this test is 
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4 inelies t 


■ Ihci 


ir. Tlie 1 


s tlH^a 





tni-hes in longtl 
I. ll.bn'akingl 
Ills after a deflM 
ildlf, as iH ties ' 

(he ndddle, or 
■r iiiHce (mftriwtf 
-iui: i:i inchtwi 

lii^h.-rtln '■ 
tM>|>liinM.ni.li« 
aioiiiihisofela* 



bar. 
bii 



■11 h 



lalit 



'III 



odalii 



Ilir 



riaslj. 



ili'i 



enl ah 



ally 



ies ui-iv sJiiiilai-iiicHlortolliOM' ol No. H. lirit -shov 
a i:oi]iiJact .stony, iu^^tcad of a radiated and laniinaled a|i]iearanee, 1 
iU'«ideiitalfi-'<M;tiireiieiU' the bottom of thiionginal bar, however, did d 
Hie r.idiate<i atnictiire, as did also Iwr No, 43. 

The analyse*" of tniiungH fnnn two ditferent part*< <if this biw Rhoi 
that a large amotmt of liqiiatiiai had oeeitrred. the tartiiTi;;s from 
lower part of the liarconlaiiiinj; more than '2'2 iier rent. Ii'>s copper tl 
those inan the u|i|ier. This is Hiittii-jeat to aei'iHint liir the bn-akiiig in 
section other than thi' middle, and for the ditl'ereiiee ia ap]iearau« 
the fraetiu'CM. 

Bar No. 43 (.37.10 eop)ier, fi2.90 tin).— This bar was of the stiutd 
length, 2J inches, and shows an increase of strengt't ove;' No, 42, bre 
ing at 2UII pounds, or at a niodidiis of riiptiin- of (!.'.I4L* piiniida afU 
deflection of 0.071(9 inch. A set of 0.t>li(fi inch was oV.served just be) 
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nipt.iin' tmik jilarc, tlins sUowinp more rliictility tliivii Pitbci' nf the Ave 
[irevious bars. Fnim tlii« poitit tu tbe einl i)t" the w rics tlio diictnity 
iiicreiuicfl. It will be observbd t.hut in thi», anJ in all of tlie mure duc- 
tile bare cnntainint; lai^ ]>en«iita^'A of tin, tlie inndiili of eliLstifity 
Fippear to <lt!crea«e from tbfl begiuniug of the t«»l, while in the brittle 
Unm ttiey either remained iie»rly (loustiint or showed a .slif;ht increase. 
1q the hitter (he liniitM of elasticity, or points at which thf ratio of 
distortion to stress inereasea are not reached licl'mc frinimi' oeenra. 
[u th« former, they oeciir very near the begiiiiiin;.' '>t' !hf li'sts, hut 
ita esart gihice is difficult to determine. On tlic pliiic .il' (iii-vcf* of 
[lefleetionn tliia is plainly seen, as the curves of tiii-;i- dmrili' Iimi s ^hnw 
» curvature eoncave to tlic asisof absctswis ahiinsi I'roni llir I"— inniii;.' 
»f tli« test. The limit uf clanticity is usttally taUi-n :in tin- jMiiiiT :i[ m liich 
the curve l»egins suddenly to heeonie concave To" ;i id il)i;i\is. Imt in llie 
dnctUe. biti-s in nhicii this ]ii>irit of (-liMiiirc i^ in't t'''''<i'> iiuirkcd, it is 
ttsetiuiedlo Ix^thHtpnini iit uliii'li ihi- ;iiT'ilrxi i'ii;iii;.'i' <it'i-iii'v;itiire siwms 
to tfkke idiM'O, or a little liHuri- tlic niiic iissrniK-s ;i iic;irl\ hoHzontal 
Aire«^ioii. It.v in«iH-ction ol' tin- curve ol' No. 4^! its liinii ul' clasticit>'is 
lk-t<»iMiiieil to Im> pounds. When Iiio |m,iiii<Is IumI )••■•■}, phici-d on 'the 

bar. ft dccii-a^f of resistance tostii-ss «;is nufrd. ili.- sciiiel.i-iiMi diiip|iinjr 
while the reading was1>eiii<; taken, as Wiis oli^er\<'d in iln- eii.s<-s ot Iijii-m 
No. 31 to No. M. This wa« also observed in all bars lironi No. i:i to the 
end of tlie Hwies. 

The frattiiro was of a lijfht-jti'ay color, and showed veri' lai'jite pii«- 
matic erytiitalUzation situilai' to that of Xo. lit {■li.'i'J co))i>er, ((o.8Utiu) of 
the ftrst'series.* 

Bar No. 44 (110.70 copper, fift.lJ) tin). This bar also showed (he in- 
(jrcMiAin)^ Btntngth and increasing dtu'tility of this pait of the sfries a« 
tbe ])on-cntage of tin increases. It broke at 210 {wunds after a delloc- 
tioii of 0.1122 inch. A set of 0.0325 inch was observed at 2(KI iHiunds. 
From the ciurea of deilectious (Plate XVII) the limit of elasticity ap- 
pears to have been reached at 100 pounds, at which load the bar first 
Pixhihitecl a decrease of resistance toconstaut detlection. The appearance 
of the fracture was preciisely like that of No. 4;i. 

liar No, 4.'» (26,63 copiHT, 7:j!.lS tin ). This bar was considerably Dtronger 
anil ni«>i'e ductile than No. 4-I, Invaking at 320 ])ounds after a deflection 
wf 0.21ilM inch. A set uf 0.0145 inch was observe<i at ItHf iwunds, and 
from the curve the limit of elasticity apjiears to have been rejichetl at 
KM) jkiuihIs. The di>ereii^e of resistam« under constant defltn-tion was 
lir«t found at so iiouiid-i, and a " time test " of this decrcitse wjia made 
lit 100 ponnds. As sIi.-wti in the table, aller thi' iN-ain hiid been bal- 
iiiu-wf for the second time iU 100 i».iinds, the lesistiiiii-e dccn-ased in 1 
minute to ir>4 )H)umls. in :i niintiles to l.'iO p..iiiid». in 41 lionrs to lOi 
IfOiinds. iijid in 00 hours to I'Hi pounds, sliowiu]!; ii gradn;illy decreasing 
rate of the decrease. The Iraclnre was similar in color U> those of No. 
4;t luid No. 41, but the cryNtals were much amaller, and had more of a 
^inuliir ap)iearance. 

liar No. 40 (22,10 copper, 77.58 tin). — This bftr gave the " second max- 
iiiinni'* poiut of streiipIJi in tlie curve of the series, bi-eakinfr at 400 
|ionnds after a deflection of 0.4051 inch. It cloeely resemlded in all its 
qiuililies tlie bar which gave the "second niaxiinnm" in The tlrst series, 
No. 21 (23.35 copper, 70.20 tin), but did not hiixcji ciivity throufrhout its 
length such as was seen in the latter. A st-f ofo.iMitT inch was ol'si'ivcd 
at 100 pounds, and one of 0.u;iri7 inch at -'IMI |.,iniids. The decii';isc of 
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resistanri- witli time wan first observed at 100 jiounds ; from the carv» 
of (leHectiiins the limit of elasticity is seen to be at ponnds. Tb» 

tractiire was similar to that of So. 45. 

Bar No. 47 (lli.IO copper, 83.3;t tin).— This bar proved to Iw a litti» 
weaker than No. 46, thus confirming the law of decrease of streo)^ 
from the second maximum to the end of the series. It broke at 3I* 
pounds after a deflection of 0.5.332 inch. A set of 0.00!!2 inch w» 
obsened at ItW pounds, and from the curve of deflections the limit of 
elasticity was apparently reache<l at about KM) i>ouuds. The fracttued 
surface was similar to that of Xo, 40, 

The phenomenon of decrense nf m' irith Ihiu- was oI^se^^'ed for the 
time with this bar; the table ol' iln- i.iiml »t' ii-st Kiving the fidl 
of all the observations made. Cm ii'lii-\ii]^ tin- 1>ar of all pressure 
that due its own weight, and evccpi a vi-i y slif^ht pressure (a few ounccA 
to insure that the pressnie-bhK-k actually touched the bar and wasnNi 
raised from it, the scale-beiim balanced at 5 pounds, and the i-eading tt 
the set was ma^le. While rea4ling the set the scale-beam was obsernd 
to rise, indicating increage of resistance to detlectiou, a^ it bail simikilf 
been obsenM to drop when resistance to stress took place. A Dnmber 
of observations of this increase of resistance to the ^termanent deflecti<n 
were made, and also of the decrease of set, as measured by ninuingbadp 
the pressure -screw till the scale-beAm a^in balanced at 5 jwunds, and 
taking additional reitduigs. The result of these observations, which 
all given in the table, showed that in one obsei'vation of 39 minntes 
resistance of the bar, as measureil by the scale-beam, increased ISpoun 
and that in '2 hours -0 minutes the set decreased the amount of O.A 
inch. 

This faet of the decrease of set with time has since beeu confirmed bj' 
a large number of tests made ou the same machine, and it has also beei: 
observed byotlier experimenters. It iudicates that what has been hith- 
erto called the "jienuiment set" of metals is in reality not entirely pw 
nianent, but is pai-tiallv. at least, temporarv.* 

Bar No. 4S (ll.lW »opjH;r,KH.:i5 tin).— The result of the test of this — 
was almost precisely like that of No. 47, but it showed considenl^ 
greater doctility. It broke at 3(K) pounds, after a deflection of 1.9T6i 
incheo. A set of 0.1H2I> inch was observed at 100 pounds. The limit' 
elasticity is taken at 100 pouuds. The deciease of resistance to 
was first notetl at SO jiounds. The phenomenon of decrease of set 
time was also observerl with this bar, a test of 20 minutes' " ^^ 

showing a decrease of set of 0.0234 inch. The fracture was of a IJ^ 
gray color with a rough granular structure. ' 

Bar No. 4!t (0.05 copper 93.77, tin), — This bar was weakerand innuh _^^ 
ductile than No, 48, bending to a deflection of 3.67 inches without breakiu 
at a loa^l of 290 jiounds. A set of 0.0128 incli was obsenwl at IW 
jHiuuds, and the limit of elasticity seems to be i-eached at abttut this prait 
The deciease of resistance to stiess was first observed at 80 pound! 
No tests were ma<ie of the <lecie)ise of set with time. 

Bar No. 50 {2.11 copiwr, 97.68 tin.) — This bar was still weaker tlitt 
No. 49, ben<liiig to a deflection of 3.93 inches, without breaking at a loH 
of 250 pounds. A set of 0.01l}4 inch was observed at 100 ponmls, aM 
the limit of elasticity seems to be reached at about 60 pounds. Hi 
decrease of resistance with time was first noticed at 60 pounds. At 21i 
pounds the beam was cause*! to balance twice aft4^r it had dropjied, tl 
tleflectiou at the same tiirie being increased fn)m O.Sfi to 1.08 inctu 
•See paper by the writw, Jkc. 
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This imllcMtccl that a iniu-li Ic^s loml limn 2r»0 puiindH wuiiM bavi< caua^i 
the fiaal n-cordetl dellei^tioii of 3.U:i iia-Ues, if siiUicit-tit time liad l>een 
given to it. 

It will be obsei-ved, on roniparing the results of the tests of No. 49 and 
No. 50 with thow of Imrs of nearly sliuUar mmiHwition in the first series, 
that the foniier suvf inmti higher results tlian tlie latter. This is due 
entirely to Ihf iiiitln"! i.i r.st. or rather to the time taken by the differ- 
ent nieth(H(s. Ill III.' iiv-.(s .if tlie dnelile bars of the first series, by dead 
lua4lM,asalri'ii>i\ stji.'ii, iln' load a*:tetl constantly to i>rodnce an inci-eaeed 
detlei^^tion while ihc reiidiii}; wa.s Iwing tiiki-n. an.) thns a niii.h less load 
Wiis re(|uin'<l to pnHhiee a eertaiii .h'tii-i'iiim tluin wmilil have been 
re<juiivil if I he tent had been made ni.ni- jaiiiiil^. In liif ti'Nt« of the 
utecond series all the conditions of a rapid 1.-st wi-ii' fnllille.i. since the 
deflection wus not increase*! wliile the i-eiuling was l>eing taken, and also 
»lnce the actual time occniiieil by the test was \ery much less in eonse- 
qufiice of the greater convenience of hau.lliug the apparatns. 

» TESTS BV TENSILE 8TUE&S. 

Heoond serien, Altnyg of Copper and Tin. 

: TBe bars of the second series, after Laving been tester! by transverse 
stress, as above ilescribed, were shajied by being turned in a lathe iuto 
pieces for test by tensile stress of tlie same slia)>e as those of tlie first 
serios, witU tlie cylindrical iwrtiou of the test-piece S inches in length 
will 0.708 inch in diameter, or ^ si]uui'e inch sectional area. The bars, 
whieh were too brittle to be tinned, were tested In theii- original rectan- 
gular se<'tion. 

The tests were made on the testiugmacliine (Fig. 6, page 31-1), described 
under the tests of the firat series. 

The ehmgations were inea.siu'ed liy means of the contact-level and 
Qiieronieier- screw (Fig. 13. iiage 348), which was used in uieaMuring tlio 
Jell.-. -ti..! IS ill tlie traiisvi'iM- i.-sis, iiml «lii.'!i luis alivii(l> l.c-n .h-scriljed. 
in a<iaptiii« il to t.'iLsili- trsi>. ih.' Iniiii?,i' |iii'i'c i-.uilaiiiiii^ thi' two pivot- 
jL-rews which .stipiuiil lln' pu'.'c caiiyiii;: fli.' \r\A and iiiit wa.s firmly 
otHJupcd by il Mi-L'w til tlic let-langidai- head of tht; tvst- specimen just 
»liM>vt> the eylinib'ical poi'ti.iii. 

At the Ixiltom of lln' specimen was clamped a similar bronze piece, 
which carried a small wtei'l lylinder. with a flat upi>pr surfiwe, which the 
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s iiitt until the bubble of 
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tus in.T.'as.>(i .-xa.'tly t.i Hit- y\U-ut .il tlie cloiijiatiim, and the level 
shittetl, re'jniring the uiicromctei-screw to be advanced an amount equal 
to that of the elongation to bring the bublile again to it« origin^ posi- 
tion. 

The apparatnw was found to give good results, except at the begiiuiing 
of the test, when tlii' pi...' itppeare<l to take a very slight curvatnre, the 
effect of whii'h was iit liiiii-s to cause the apparent elongation to be 
greiiter or less than tli.- trm- elongation. 

The curvature or bending of tlie testapeeinien may be iirotlniied by 
either of several causes, or by a eo:iibi nation of them all. These are 
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cLiefly tlie esisU'tn>e uf a blDW-lnilc, or auy waut of liomogeiieity 
side of the te»t-si»efinieu, the fiitt of the hetuls of the test-sp^t-inifn not 
Ix'iiig ftccuraK'ly spiinietiical with tJie cylimliifal portioii, or tlie 
etraia brought by the t^vstiiije^nia^lihte by i-eitMia of tlie Une uf sXsmi nut 
Iwhig aconniti'ly in Hup with tlie axis of tin? test-Kpecimen. 

These errore appeiir to exist only iu that part of the tost irhidiB 
below the elastio limit of the Kpei-imen, ae afU-r that jHiitit tlu^ KtivM 
pulls tlie piece into tlie line, which it retains till tho end of the twL 
Tlie bending is so flight usually that it iiHS uot lieen tlett'et^it. so fur 
the writer ie aware, by any other uieauH of m(?ii.''iirciin>nt than the o 
herein deseiibeil, which mitguities thu (.'xteuRimi-i ■■■tii.siilii:ilily. 

Bei^nse of these eiiurs. The figures given in llie tables lor elong* 
tions near the beginning of the tej^t iH'foi-e they aiiiiaiiil to O.IH iachw* 
in niat?y ■■,tse.- nni ie!iabh>, ^VIll■^.' tlie Klongutions are greivter than tbii 
iMniiiLiit, llir li!;iiiv- ;iic roii-iiinvd vny iieeunite, with perhaps a ^1' 
erri>r, "liii-li is inn-Lint ll(iini^;lii>ut i he tost. For the same reason, tt 
reei>Lili-(l lifinn^s nf .-liTi^'afinit- <miiii(i1 Ih- relied n|>on to give correct 
moduli ufelastieity by tensile .-.tusN, whiili uii^ht have been doneiftlw 
error due t.u the bending of the s|iriiiiieii luil l"-en enliivly eliiuiuated. 
With the exemption of these ei'i"i>.llie iiiiaMin'Uii'iitrt are believed lobs 
mneh more nearly correct than thi»euf llie lii'^st scries, which w 
Bimply by lueanH of a pair of Aiiclyiiointed dividers and readings oi 
scale to -rJjth of an inch. 

The resiUts of the te«ts by tensile stress of the second serifs In 
been entirely confirmatory of those of tlie first series and of the tests 
traiiaveree stress of lioth sciies. 

The appended tables contain the complete teooi'ds of the teists otem 
bar. The following table presents a condensed suunnary of rcsnlts: 
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RUrfHcc KAH in general of a copi>er-i'ed color, not at »ll tlistingitUhablfl 
from the api»earance of iiiire copiier; but tlieif nciv (*inall yelUiw spoti^ 
iiregulaily distriliuted over tliu whole surface. Tlie li-in-lnres showe€ 
a similar apj)earanee, the larger portion being ot'n o>)>pi'r coloi', ati<l tl 
remainder eonsisting of a few jellowish-gi-ay spots. Tin- turned pinrfacrt 
and the ti'actiu'pd siirfnees also contained seveiiil smull lilim holes. 

No. 32 (94.411 nipiitT. .'i.t:} tin).— The two \)'u-<-,s ibiin rliis bur gaw 
very similar rivsnti-, \iliirli show a fau' degree ol' siiri[;iih I'm- nietij of 
its comrositiiiii i^isl in ihr ordiuaiy manner. Tlir I'lin'tini-s were of a 
yellowish-red criliu'. and larthy stnictiii-e, and cinjtaint-d si-vei-al very 
small blowholes. 

No. 33 (88.40 cupper, 11.50 tin).— Tlie two test-pieces showed a sm 
what greatt-r strength thuu those of No. 32. The fi-at^tunnl siirfav^a w 
of a reddish-yellow color, and earthy structni-e, and coiitj*ined seTen 
very small blow -holes. These were more nnmerous in No. 32 A tlitut i 
No. 32 B, which may account for the greater strength of the latter. 

No. 34 ($2.72 copper, 17.33 tin).— The average of the two testa of ttui 
bar showed considerably greater strength than No. 33, but the piem 
Irum the bottom of the bar was much weaker than that ftvia the V% 
and slightly weaker than the bottom pieee of No. 32. This does not ^ 
pear to have been due to liquation, as the analyses of the turnings frail 
the two tension -pieces give almost pi'ecisely similar results, which d" 
but little from the original mixtiu'e. It may i>oB»ibly have been dnet 
a more impeifect mixture of the metals in one portion of the bar tlifiliil 
another, causing a want of homogeneity, which is partly indicated }^ 
the appearanoe of the fractured sm-faces. The ti'acture of No. 34 A nt 
chiefly of a pinkish-gray color, similar to those of No. T and No. 8 of Alt' 
first series. Tlie structure was very finely gi'anidar, with an iudistiiM 
api>earatire of radiated lines of cooling. In the center was a spot a* 
i inch in diameter, which had a mottIe<l mixture of the piiikish-grayU 
a yellowish-gray color. The fracture of No. 34 B M'as similar to that< 
Ko. 34 A, the larger part of the surface being of a jdnkish-gray obh 
and flue granular structure, but without any nwliatetl lines of coolin 
It also contained a spot iu the center, which in this case was not n 
but was of one color, a reddish or browuish gray. 

Tlie average tensile strength of the two pieces fi-om tluN bar is lii^ 
tlian that given by any other bar in this series, and is also higher ua 
that of any bar in the flrst series, agreeing in this resiiect with the If 
Bults of the transverse tests. 

No. 35 (77.56 copjier, 22,25 tinl. — Tlie strength of this l>ar, as shown t 
the tensile t#8ts, was much less than that of No. ;f4. The fi-actures hki 
the same pinkish-gray color that was seen iu No. .14, but a shade ligbta 
The sti-ucture shows an appearance of radiated l;imin;e, very close Wi*^ 
compact. It is verj^ similar to that of No. SI (6il.S4 copjier. 29.89 tin) cf ll 
first series, but the color is entirely dift'erent, the latter Itelng near*" 
silver white. The fractures of both pieces of No. 35 were precisely a 
and a very small blow-hole was found in the center of each. 

No. 3fi (72.8» copjier, 26,85 tin).— The tensile tests of this Ijar gaven 
suits agreeing precisely with those of the transverse test, showing gr^ 
brittleness and lack of strength. The fractures were similar to t_ 
obtained by transverse test, being nearly silver white in color, wilh 
faint ]iinkish tinge, and a smooth radiated structure. 

Biirs No. 3(1 to No. 42 (43.99 copper, 55.91 tin) inclusive, were 
tested with their original rectangular section unaltei'ed, as they n 
too brittle to be tiinied in the lathe without danger of breaking, 
of these hum gave much trouble in setting in the tensile machine, the 
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;)rittl<-iiosi» and liai-(1iie»irt Wnig m gr^at that tin- jn'M"* of ^''^ raacliine 

i»'OLil(l not ttniily hold them. Most iif thi-iii hroke in the grips, aud tbe 

_:i)ies reiirf«'iitiiiK thPir sti-eiigths are therefore in miiiiy ciueN i>erliap8 

■ l<nv. 8e\eral tests wei-e geiiemll.v niiuie of ea^^k of the brittle |iiiM»s, 

li the iii»Yimum result is considered to be the one innHt ueurly oor- 

Xo. a? ('il.ST copiwr, 32.tiH tin). — Both teiisinn piee^s were much 
ireiiker than those of No. .'tli. Tlie fraetiuvs wei-e siiuilar, but the color 
Kim silver wliiie, entiivly free fmni any iiinkiish Khiide. 

So, 38 (liL'.il! copijer. .■i7.4S tin). — The two teat-pieoe« fi-oni this bar 
ihon'ed eonsidi-iiiKlf >!itli niice in stnicture, due to li<]uation, which has 
Jp«a«ly been noti.i-.! on }i;ii:c Mli. The fi^cture of So. 38 A was exactly 
ike tlMise of the two ]ii.i-.'s of So. 37, hut that of So. 311 was of a dark- 
rray wilor and stony wtruilnre, similar to that of So. 12 ((i:i.31 cop)>er, 
n^ fin) of tbe fii-st seiies, whieh, as liefoie observed, had the greatest 
iensdfy of the series. 

Jffo. 30 (57.87 copi)er, 42.(io ti(]). — The a^enifie lesnltw given by the 
TPO tost -pieces from this bar slmw it to bi' tin- wrjiki'st of riie series, and 
ifcree in this resi>ect with tlic result <if ihi- li-sl bv iiansvei'se stress. 
rhe fracture of So. .351 A had a sr.my .stnic-(un>. aiid tin' <'r.lor was a 
nottkni ndxtiire of dark gi-ay an<l ti;il]t ;iniy, sliowiny ;i .-icimnitloa into 
\M> alloys. That of So 39 B was lijjht gray throughout aud coutaiued 
:iiliiite<l himina-. 

So. 40 (.'VS.4IJ copi>er, 4fi..54 tin). — The i>ieees remaining; fi-oin the test 
>_> Ii-au8vei-se Ntresw were too uliort to be testetl by tension. 

So. 41 (47.'J7 copiici-, "n'.Tl' tini. — Tliii'c pieees wei-e tested, giving 
'Orioiia i-esidls. Imt all shmvinj; jiTeat wrakiies.-t and brittleness. The 
hKtures of all t!ie iiieies wciv alike In ii|i]K-iiranee, being light gray 
a color and of stony struetnie, with indistiuetly defined radiated lami- 
ivtiou. 

No. 42 (43,99 copper, .l.^itl tin). — The residtH of the two tests were 
iuiUar to those given by So. 41. The fractiires were light gray m color, 
ritli nwliated crystalline stnicture. The aualj^ses of chilis fi-om the two 
ension pieces of fliis bar showed a veiy large amount of liquation to 
iBve taken place in the easting. This would st^arcely have been sus- 
tceted from the aptwamnee of the tm'tures. 

Ko. 43 (37.10 copjier, 62.90 tin). — This bar was much softer than the 
lars from No, 3li to So. 42, and the tension-pieces were turned in the 
athe witliout difHcnlty. The average of the results shows a very Uttle 
freatcr strength than llmt of So. 42. The fra<'tuiV8 were of a light 
[pay, witJi large radiated prismatic crystals. 

No. 44 (.'(0,7(i eo])|)t'i', lilMli tin.) — The two tests gave results which 
liffered considerably, liui the average is about the same as those of the 
;wo tests of No. 43. The fractni'ed surfaces also showed the same color 
bud striK'tiire. 

So. 4.T (2C.B2 copiier, 73.18 tin).— The results of the two tests difPered 
limilarly as thoM: of No. 44, but both tests gave much higher results 
ihan the avera;:<' of the latter, iudicating an apin-oaeh to the ]>oint 
«f '•sefuiiii iiia\i(iii!ai" .strriiiiili ni the series. This was also shown in 
ho tests oir his bill- b\ traijsM'i'si- si n-ss. The fnvcturea were of a light- 
rrtty I'cil.ii similar 1o tiinsi' i>l' Nips. 42 to 44, but wei* not entirely honio- 
;fin-iios ill stiiiitiiri-, beiii^ eoarse gnuiular at the exterior portions of 
li.> ^oi-t'are and laminated in the center. 

The analysi's dn not show any <lifl'erence in conn»osition in the two 
mdft of the bar siittieient to account for any difl'erence in sti-ength or iu 
appearance of the fra<'tures. 
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Xo, 4fi (22.10 cojipi-r, "",58 tin)- — ^Thp avpragp nf the two tetts aboM 
still grwvter streiiytli than So, 4">. but it is not Iiigh pnoiigli lo con' 
the point of otrdiul lUiixiiiLiiiii strengtli which was Bhowu by tJie ti 
verse tests, as it i-; Kiuiiiisscd by No. 49 ami No. M. Tiie second tn»n- 
inmu of bulb ii-;iiis\i-is.' itml torMioiial te«t« i» given by this bar, aaiili 
No. 21 (i!3.;i.") •■(iii|n'f. 7'i.i'iMiii) Kini- llie spcoud maxitmtm in the Iti 
writvs liy :ill ilni-- ii.,-rlLi..i>. n[' li->t. The itwiiltfi of the t^st of No. W by 
ti-iisil<* stress iiuist rlii'iriinr In- i'(-s::n-cb-il ius exceptional, in no faraAthef 
^'ivi' Irs- >tn>ij-tlis thiiri N.i. I'.'jirnI Ni>. ."ill. The curves of the Ktr^tljtM 
of the HiTiw bv tlu' ilitlVri'ut mdlin'ls cii' ii-st, niui-eover, shoiv tbe t«iislft 
t€«t of No. 4<,l iiiiil No. .'.0 ri> ^'ive lii^bi-i' iv.siilr.-4 than the other metfaodl 
of t«wt of the siinii' bur. This iiuiy jirobiibly be at-anmted fiir hfik 
greater r»|miity of tin- tests uf No. 4!i and No. .'rii, which wiw tHirpowlf 
iiiH<Io in oilier to ebiniimtf the fRi'i-t of Howot'thcmi^tBl with time. "" " 
[tiews of No. 4(1 iM-iiifi; of small dm-tility, the etl'ect of tiiue w«s nw 
lierre]itible. 

The Ino'tmvs of No. 4fl were very similar to those of No. in, Bhowing 
want of 1i'nii"i,'<-ii.'ii\ of strin'tnr.'. imrt iH'ing tJ^rannlHi- ami pftrt l 
itiMt.'d. Tl\i-i rtM\ ;ii''-oiiiil I'oi ibi- "i-;ikTiessaii(l irregularity of stteng^L 
-iTji-, tli<- s.'coinl iiiiiNiiiinm sti^^iigth wa-s a.>ir«K!iated will 
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No. 48 (11.88 eopp«»r, «fi.25 tiVi).— The two pieeeis iihowwl A-erjr 11 
greatw strength than No. 47 It. The fractun'S show the <-hsog» i 
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TRf^TM IIT TORSmSAL i^TRESf). 



Tlie tests by torsional stre-ss of the seeoiid seriss of copper and 
alloys were made np<m the Antographie Kecimling Torsion Machine 
perilted under the tests of lirst wries, (Tifr. >*, page 324.) 
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pjnaldiig t^sts uf tlm'tilo nietiils, tlie nif o of million given to tlie handle 
B woiin, exfept whun a sluw ui a riii>id uiotinn was purposely given 
Letermiue it's uft'cvt^ viis as tiniturinly as posisible, one ivvohition in 
LO seeonds. As thu wonn-n'lipel contained 8U teetli, this nvtised a rate 
rf motion of the axle of the wonn-wbeel, and of the w-rench at one end 
of the test spwiinen, of one revolution iu alwnt 13 niintites. In testing 
the brittle metuls and the ductile metals within the elastic limit the rate 
af motion was always nuu^h slower. 

The autographie strain diagrams obtained, one for efieh test,«coompftny 
tttiB report, and tables giving the utreugth, ductility, and reralieuce of 
eauh speL-iinen as caleulatetl n-om the <lia^rouis, are appende<l. 

The avernge results of all the test siieciineus olitaine<l tVom each bar 
K« gi%'en iu the tullowiiig table: 



TABtK X, — Skcokd Skuibs — Allovs of Coppbr ;i 
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■ will lie seen by the al>t)ve tiilile tlmt the te.sts by toreional stress 
ruivd the reHnlts obtniiied by the tests by tinmHverse and tensile 
*, and nlHo tlui.-a' nbtnined from the tests of the first Beries. 
Thrj maxiriiurii .-tn-iiyrli is given by Xo. M {S2.72 copper, 17.33 tin). 
There is a i-.ipid ihcii-iisr of sti-ength tittiii >'o. -iTt (77.5(i cf^per, 22.35 
'in) to Xo. :tti (Tli.Hii .riiipci-, L>f(,s.'i till), and then .t nnuh slower decrease 
'« So. Jll {:,:i.w cHi.iuT, 411.-"^^ ( tin), rite weake.'it nf the series. From this 
iMiiiit to Xo. 4(; (IJl.fill i-o|,]»T. 77.."pS tiiii tlivr.' is ;i slow and somewhat 
iniepilHi- iiifivas,- iLjp to ;i s.-n.n.| rti;i\iiiiiiiii. ;iii.l tVojii Xo. 46 to the end 
«»»"_the siTle.'i micitlM-i- d.-nviis.' t.i lli.- -ir<-on<l iiiiiitiniiiii. 

ring to III.- ;iTitof,riii|iliir stiiiiii <liiit;ia!u> iiii.i tin- iiiipciidfd tiibles, 
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in couiiectiou with the alxivc talile of average results the fulhiwhig ob- 
fiervatious mav be made on tlie tests of the iiiwes from each l>ai-. 

No. 31, Plat« LIV [Wm copi>er, 0.87 tin),— Four piei-es were tesWd, 
all of which were defective in consequence of blow-hole** and the R^wiar. 
tion of the metabi. The results are tlierefore rejected in the table dC 
final sninuiaiy of i-esnlts (Table — ) and from tite ciuTe.s of stmi^ 
of the aeries. The fi-a^-tareswiTi' iii|i]htivi1. 'Hily two small ^jHitsofk 
yellowish alloy being found in imi'if liii-m. Tin' tiinnMl sTirfaies shuired 
the same appearance which was imtcil nuilrr tlic t('iisile test, viz, a nnio" 
ber of yellowish spots scattered at iuleiAuls t>\'er the otherwise nuifonnlT 
copper-colored siui'oee, iiidieatiut; a sepai'atiun either iiito two alloj^tr 
into copper and one alloy. Its sti-eugth is very much less th»n thKtor 
the copiier piece. No. 30, and nearly the same as that of the eoppis', Sft 
1, which was oxidized and full of blow -holes. 

No. 32, Plates LIV, LV, LVI (94.10 copjwr, .■..43 tin) Tlie four i»ie« 

tested wtre all fair sjiecimeus aud gave results which are nearly alik^ 
tlie tuaximum torsional moments varying tVom 150 to 165 foot-pooall) 
and the angles of torsion from 153 to 207 degrees. Tlie IVfR'turpfi wei 
all similar, ^>t■m^l of a y<*llowisli-itHl color and eaithy structiu*, and o" 
taininga few \.tv sin;il! Mow-lioles. 

The effect of lon;^- .onliiiiieil stress wan tiled in the torsion tests i 
three pieces of No, 32, lettereil A, U, ('. >'o. 32 A was left under 8l 
15 minutes, and No, 3a B one ln'iir. In eacli of tliese cases no changfi 
the 8ba[>e of the diagram could '"■ il.f.'itcil, the iH-ucil remaining int 
position in which it was left duriny the whole time. No. 32 C wasW 
for 26 hours, after it ha<l been twisted through more than lou degrMiC 
In that time tlie pencil' fell less than one-tentli of an inch, indiciitiuf: ^ 
decrease of resistance of about 5 i>er cent, of the majcimum «li-css, Ol 
resuming the test, tlie diagram rose again to just Iteyoud its origi 
height. 

No. 33, Plates LYII,LVHI {i*.^,40 copper, 11..W tin).— The fourp" 
tested gave i-esultw closely agrt 
what gi-eater strength and a noi 
tiires were similar in color iiml 
33D was left under sti-ess for i:. Im.hi-,s \sjtlii.iil slmwin-- n,i\ fall in.tM 
<Uagram, On resuming the ti-sl tin* linv irt;nji(*d rlir same direclioB il. 
h)Ml before, thus sliowiu^ no .lf.-ii-i(s.> i.t ivsi>raiu-i> with time. 

No. 34, 1'latc I,\"IM (Sl'.Tl.* .'.iiiiH't. 1 7.:;;i tint.— l-'mii'iii s were testai; 

the average I'i'sitJt shuwiii;;- tli.' Iii;;li..'>t ^In-iiKtli ot the srrirs, tliuN wif 
finning the result.s shown by the transverse anil tensile tests. The du 
tility was very much less than that of No, 33, tlie a\'erage angle of t« 
being only 14 degrees. The fractnivs were of a piukish-gitiy color I 
gr»nidar stnicture. All of the fractui'es showed some dark brotn'* 
yellow siK)ts in the renter, iiidieating a want of homogeneity, and p 
biy a lateral separalioTi of tlir im-ials. 

No. 35, Plate L\'II1 i 77. "ill >*o|>|>er. 22,25 tin) Fonr piei-es werettB. 

giving results whivii \arii'ii li'iisiil.Tablv, the torsional iiniment of ^0>' 
B being 21,1 f..ol [".im.ls. and lliat .if'No, :i,". (' 104 tout pounds. ~ 
lower strengtii •<( No. :i,'i (' and No. '■'>'> I' rna\ ]ios>ihly he ace o nil ted ft 
by the methoii -if making' []»■ fe>l.^. as wiili lin-s,- ]ii,.ccs a .sjH-eial cxpO^ 
nieutwas madi' wiiii tin- tiiacliiix- ti> deternoae tlie ijiaiai'ter of tbedi) 
gram made by a very rapid motion while a brittk' piece was under str 
The efiect is seen in the curvature toward the horixontal of the diagi 
of No, 35 C, and in the iiTegidaiitj- qf the diagram of No. 35 D. ^ 
average result of the four tests .shows a eonsidentldv less strength tb 
that of No. 34, as was dlso .«lii.wii bv tlie teu.sile and transvcr.-«- tes' 
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ic fra<:'Titres wpiv all Kiniihir in (ippoanuiw, l>eiug of a light gray color 
ami very fine granular strnctnre. 

So. 3(>, Plate LIX (72.IS!) copiwr. 2G.So tiiil. — Two pieces only were 
testeri from this bar. It was so lianl antl brittle that it could not l>e 
turned in the lathe withont danger of breaking, llie torsion pie<e»wpi'e 
tlierefore shai>eil by grinding on an emery wheel, as were those Iniui Xii. 
-'•7 to So. 41. They were ground merely to a circular section of u littlo 
Ifss than one inch in diameter. The strength as obtained from the dia- 
jrrani is it>diicc<l to equivalent strength of a piece of standard sizu {0.(i:!5 
ini'Ii ili;iiii(-r< 11 liy dividing i'V t!ic i-atio of the eube of the diamet«r of 
the pi<Ti- t.-.st.-d to liif ciilifoi ii.fii;.-|. 

The tnti pjici'slViiiii li;iiNn.;!(i gave nearly similar results, the strength 
l>eing less than uiicfuiiith of that of theavwage of Xo, i'i. The diagrams, 
like all those of bnttle inatenalft, are altiiost straight lines slightly inclined 
liom the vciticjil. Tht> liiwitures ai* of a very light pinkish-gi-ay wlor, 
:iiid show some appfanuice nf radiatfKl lamiiije siudUr to the flractnres 
\>y transverse and tensile stresses. 

"No, a", Plate l.IX ((IT.ST copper. 32.00 tin). — Two pieces were tested 
-whii-h gave considerably less strength than No. 36. The fraetures were 
i)riliiant silver white, ^"itimius and conchoidal, 

No. :}A, Plate LIX (02.42 copper, 37.4« tin).— Two pieces were tc«ted, 
one fix)m the lK)ttom and one from the top, which gave widely different 
rewiilts. No. 38 A showed a torsional sti-ength of 35.44 foot-pounds of 
inonit'iit (when reduced to tlie standard), which is nearly that of the 
avenige of the pieces from No. 36. The fracture was almost precisely 
similar to that of No. 37. No. 38 B gave only 2.95 foot-pounds torsional 
inotneiit, whieh is much lower than that of any jiieee yet note<l. Ita 
ti-aiCtiu'c showed it to be an entirely diflereut metal from No. 38 A, being 
(lark gray in color and stony in structure, closely resembling in appearance 
the ftictnre of No, 12 (62.;}1 copiier. 37.35 tin) of the fii-st series, the bar 
« if maxinuim density as before dest ril^-d. It was not, Iiowever, perfectly 
liomogeneous in color, some portions being of a lighter shmle of gray 
than others and less brilliant. 

The liquation of the metals in this bar has alreA4ly been noticed, and 
ih<! torsion tests fully confirm the record of the tests l>y tension, No. .3S 
iJ showing the lowest tensile strength of the series. The average of the 
two results gives a strength less than that of No. 37 and greater than 
tliat of No. 39, thus making no irregiJarity in the table of averages, 
given above. 

No. 39, Plate LIX (57.87 copper, 42.05 tin).— Only one piece was 
tcetetl fmxa this bar, the other pieces having been broken in turning or 
shaping on the emery wheel. Its strength was much less than the 
average of the two pieces of No. 38. The fraeture was of a light-gray 
eolor, with a stony structure, and with radiated hues of cooling. 

No. 40, Plate LIX (53.46 copper, 4ti.54 tin). — Two pieces were tested, 
giving an average strength less than that of No. 30, an<i the lowest of 
the series. The fractures were scarcely diBtJuguisbable from that of 
No. 39. 

No. 41, Plate LIX (47.27 copper, 52,72 tin). — ^Two pieces were tested, 
eiving results nearly alike, the average being much higher than that of 
Xo. 4)». The fractures were very similar to those of No. 39 and No. 40. 
No. 42, Plate LIX (4^.99 copper, 55.91 tin). — Three pieces were tested, 
which differed considerably in strength, the pieces A, B, and C giving 
torsional moments of 20.84, 16.11, and 11.75 foot-pounds, respectively. 
The avenige is less than that of No. 41, making an irregularity iu the 
table of averages. The weakness of the pieces No. 42 B and No. 42 C 
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seoms to Ijc caiiH*^«l by n tliftorfiii;*- in stnietiire, tlir ftiictiirpit of tbe» 
pieces shiiwins i'«iif'u»eilly nuliiited liiiniiiu?, nliite tliitt of- Xo, 4:; A i* 
compact and stony, Riiiiitarti) tliat ol' Nn, 41. Tli«i diffcri'nr'c in stro&flh 
aud apiH'ai'Diice in Inlly uri'iiiiiiiiil I'm- hy tlic analyses, wliidi sliuw 'iii 
a great anioiiiit of lJi|ii(ilioti toi>k ]iliii'e in tlio ea»tiiig of tliiM bar, Ito 
composition of top ami iHittorn \;ir>inu more than )H* (ht cent. 

No. 43, Plate LIX (;i7.1it copper, (iii.lto tin). — Four pieces wero teatKlf 
tlie metal being solt euoucli to Ik- tmiieil in tlic liitlie to ]»ioc«8 of Btu' 
ard size, Tlie strenglli was ipiito irri-(;iilar, Hnd tlie avemffe wwk 
tlian that of No, 4;i, Tlio fractures wci'o of a liyht-gray color, wl 
large radiated prismatic cnstals. 

No. 44, Plate liX (;W.7« eopj>erj 6il.l9 tin).— Foiir pieces \>-ere iMtrf^ 
wbicli gave results widely varjuig. No. 44 A hail a maximnm W 
aiunal moment of only 083 foot-iM>imds, ami No. 44 B a moment 4 
30.29 foot-poUDcU. 'file average of the finir pieees nae much btglMf 
tliau tJiat of No. 43. llie liw^tiires were all cryslalline, the crystoUti 
No. 44 A being much larger than those nf the olhei- piere«. Fromtl 
taet that the torsion i»iece« from the upiier end of eju'h of the barn, Kb 
44, 45, Hi and 47, were weaker than thotie of theothei' jiiecen Iroin tJieoH 
bars, it apjiears probable that the weakness is dui^ either to diffemri 
in pressures of the molten metal at the top and iHittoui of the mob' 
to dittei-encea in the rate of <-ooling, or jiosBiVdy to Ijoth. Tliia iff 
larity of strength of all the white crystaliiue alloys hoR bei^u uole 
loady in the testii of the fli'Ht stories. 

No. 4.">, Plate LX {2(i.fi2 eojiiXT. 73.18 tin).— Three pieci 

vinfilessti 



hiilr.if tlie sHvlii.-tli ..!■ No. l.-.r. T)ie thxriir.-, iv 
niitetliNhliivstulliite. Tli.- ;Lv.-r;.L'.> nI length »iis n.i 
of No. 44. whowiiig llie ui.) n.;ii'li I- the si-n.ml iiia\i 
No. 4*1, Plate LX (-'li.lii .-iii.]"'!', T;..'.s lin).— Pom 
giving an average fitn-n;;!!] ;;i'i-iiler thiiu tli;<l of Nn. 
IMlillt of KCCOItd nia\iliiii[|j stlfii;;tli of the series, 
tests by transverse stress. TJie piece No. -lli A hail 
than eirher nf the i.lher [lieies. Iiiit it docs not atl'ect the avei'ngw 

' sctMUicl maximum. The t^'actitres vetf: 
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|)ieee» weiv test 
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■litii.ii:ii wcaluu'ss i.f N.J. 47 A. Thescpl 
iljty lliiiii No. 411. The. fractures wcw IB 
pliine |ii'i'|ieiirliciilai' l.i tlic luis of the specimen, a charaoteristw «f H 
t<irsjiiii!il fiMciiiic,-. iiliill ihiciile metalti. They we«?of a light-gmyodl 
ami line Hnuiiilai siruciiu'c. 

No. 411. Philes LXI, bXlI, LXllI (li.Oo copper, 9.1.77 tin).— Tlie tn 
jtieces gave an average strength ctmsiderably leiw than that of No. * 
conliniiiug the law <tf gradual decrease towaiil the cial itf tint nerifi 
Thev were very ductile, twisting thnnigh angles of fr.nn il'.'i to 2:il ti 
grciti Ix-forc biviikiag. The tiirueil suifac^^'s bccanic nin.li distorted ai 
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ilaiw HuifactM of ti;u:tmt- wore itoliRlLfd by rulibiiig togetbt-r aw nip- 

t(Kik iilsice, 

j,^i, I'latfN h\lX. T.NV. LXri. LX^^I (2.1l copper, !)7.ti8 tin).— 
liiiir pieues tested w(w li-w* lliaii tliatot' No, 
ijil luiiumuiu streuctli of the fienes. The 
i\i>tiiig tbroiigli 325 to 424 degi-ees. The 
• if rnutiire wt-re Kiiiiilar Ut those of No. 49. 
i<-.s iif No. 4S> iiiid Nw. flO, ex]ieriiiieiitA wpre 
r.i\m\ :nid of slow motion, hiuI oC leaving 
I the name ifwilts as vrei-e »howu 




e t«pitrt by torsion iif tlic di 
be tensile ami tninsvi-rsr 

1 motion, and tin- dwiviisc 
time. The diagruinM sbo« 



till- nictuU of the tii'Ht KCjieR, and aJ»g 
■sts. vi/, tlif inc'i-WLse of retUHtance to 
I' R'sisianri' on iR-in;; b>ft iiiidiir strnfis 
1 «ry iiliiinly tbo ivisn!t« of Ihetw "tinn? 



TI£t!TS BV COHFUKSSION. 

-pii^*>3 wvre. liurefnlly prepared, like those of the first M-ries, of a 
a size of a iiiehuH in liei^bt and IM»2.> inch in diameter, with their 
■ade pluiu! siui'ace.s jx!rpeitdieulai' to the axis. The testa wero 
)» the miu-hiue {Fig. (!, i*. 3lti), to which an attaebmeut had beeii 
for tbe ]iiii'|iose. The measurements wen- miide with great a*"- 
1.y tiii-iiiis i>( the appaiutus (Fiji- ]-M di-srrilieil on jmjie ;14.S. It 
thai till' iioiiit aiid luoutent of i-onl^ict tindd be deteniiined 
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greater aciiirai y liy connecting a battery 
ontaet of the end of the micrometer-screw 


I'l.s nie it|>l"-iidid Kiviiin the resnlts of the test of eaeb bar, and 
ujlowing tiilih- (Table Xo) pi'esenta a siiiiiiuarj* of all nwidts of these 
f alloys, and uhio of several extra bars of cast copiwr : 


TiBLB Xa.— Shconi) Srkies— ALLora of Coi'I'er and Tik. 
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Mlswinfc olxterratiniis were iiote<l iu conneetiou witli the individiiid 
The manner in wliieb they >ielded under the pm4»nres applied to 
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th^m is hIiowh in Plate XXI, and a ri'cortl aiid comparison of all reenltl 
of both sej-iei* i8 giveu by the ounes of Plate IV. 

The iucrements of piessore iipoii tlie test pieces were 1.000 ponnds lii 
the weaker alloys and ^,000 for the stronger, which for a diametarti 
U,(i23 correspond res^vecti^ely to pressures of 3,25'J and 6,519 pounds p 
(iquare inch. j^ 

No. 31 (99.00 copper, 0.87 tin).— A cniiiparison of thp plotted enmi 
of Nos, 31 ancll (copper) showsmiichsirnilMiiU. \\irl) iiii iiii-reiiNnl rvsit 
Tlir t.-st "-lis ended at 



, Tlie <-onipreanai 
Ifrably bent, "" ' 



ance to cotnpresniou on the pai't of 
pressure of 81.480 pounds per square iiirli iiy rli>' i- 
^ai>ed piece at the top and a similar one at Ihi' hotioi 
at this iHtiiit was 0,8801 inch. Tlie piece was coni; 
diameter of its oval section varied from 0.70 to 0.S+ 

No, 32 (04.11 copper. .5.i3 tin) — The oompressiou of the pieee waa 
nieasttrable until it had been subjected to a jn-essure of l'J,'>5~ 
]>er square incli, which causetl a compression of 0.0001 ineh. j 
lioiinda i)er square in<'h the couipFt^snion was 0.0108 inch, its 
elastic limit, as shown by the ciir\'e, l)eing near this pressnre. The . 
was removed after being subjected to a pressure of 13(1,379 poimdti 
sqnare ineJi, which caVised a compresuion of 0.03.10 ineli. It was m 
l>ent. It had none but mere surface cracks. Its section was slightljt 
with diameters varying from 0,80 to tl.Sti inch. 

"So. 3.'i (88,40 cx>pj>er, 11.59 tin). — The apparent elastic limit wm 
about 30,000 pounds per square inch, I'nder a pressure of 32,595 ^ 
per square inch the compression was 0,(074 inch. Beyond this {xuntl 
amount of compression continuetl very nearly proportional to the jn 
sure until a compression of 0,6911 inch under a pressure of 143,41 7 ]>ouiidr 
per square inch was reached, when the piece was rejuoved. The sped- 
men was bent, the surface quite uniformly mottled or wrinkled, '"" 
showed no sign of fi'acture, and would evidently have resisted a ( 
erably greater pi-essure and compression. Its section was nearly ci 
and hatl increased toa diameter of from 0.72 to 0.74 inch. 

No. 34 (82.73 copper, 17.33 tin). — The first point at which a 
change in the direction of the plotted curve can l>e observed ia atl 
pressure of 58,*i71 pounds per sfpiare inch, which gave a compre^sloB 
0,0208 inch. A pressure of 71,709 pounds per square inch caused a oo 
pressioD of 0.(Mi28 inch. From this point to the end of the test the M 
pressions, as shown by the curve, were piojiortional to the 
The greatest compression obtained! was 0.3S2I inch, caused l>y 
of 136,8(W pounds per square inch. A pressure of 14.'J,417 pounds _ ^^ 
wjuare inch caused a wedge, whose base was the full size of the diameU 
of the piece, to sejiarate titmi the top, the pressnre upon the siirfacea " 
they slid upon each other burnishing them. A semi-cylindrical irie 
about 0.4 inch in height flew oft' from the Itottom. Cracks exteiidBi 
upward to the middle. The piec« was but slighly bent. The 
had increased to fix)m 0.67 to 0.69 inch. 

No. 35 (77.66 copper, 22,2R tin). — This piece proved to Ije the stFODj 
of either series. It with8too<l pressures up to 91,260 poimds per sqi 
inch and a compression of 0.0190 inch before the ratio of compressiwi 
pressure began to increase and to show that the apparent limit of eUieti6> 
ity had been passed. The piece, however, withstood, without yii ' *""■ 
the utmost pressure that could Iw brought to l>ear upon it by the t 
machine. The maximum compression wa« 0.2027 inch, produc«d by 
pressure of 149.932 iioimds per square inch. Tlie surface was sli^ti 
wiinkled and showed a few surface cracks. A bend could be just ' 
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tiii^iiMliiMl. The swtiou ii'ii 
liam(!U.T. 



... 4:!(:!7.!n, 



."lilt 



|j>ls 



II tin).— Tlii^ 



iiiiil Liffisim'il O.Cl) inch in 

i;j.'.lOi'iili]HT, fl.'i.yi tiii)jjuvt> 
ili;;llt inrsisiire. 
..■ MJS wr^lk illld ln-ittk'. A 
Lssi..ii of IMHir.l iii.li. Oil 
I hfiir It prossiire »)(" 13,li;t8 
ibleil into tragmeitt^. The 



«<Itliii;; tlic 

l>Oimtlt4 JKT sqmiri' iiif 

Upi«r ]»orti(ins were nur 

No. 44 (;t0.7(i I'ojiper, ii!».lii tin) beliava:! in the same niannpr as No. 
13. It viiti somewhat 8trou{ter, siiHtaJiiiuf; a presBiire uf K!,(i;iS ihhiihIs 
per 9<mari' iiu-h and a cori-espoiidiiig compression of (i.tMiSI iinli. ,\. 
prtJisnre ol' Hi,'29~ pounds per square inch was brought upon it, whicli 
It resisted just long enough to lift the scale-beam, when it .Yielded by jiiwes 
breaking from the top. The sni-face iiresented a slightly wrinkled 
i^pearaiice aud the diameter was increased to (l,fil inch. 

No. 45 {2(i.C2 copper, 73.18 tin) was similar to No. 44, hut somewhat 
more yielding, a pi-esBure of 13,038 pound: " ""-"■"■ ' 



tmpressing it 0.018^ inch. 
n li li;nl just raised the scale- 

ol' \]\f .sjiiciinen. " The diam- 
IMulioii h;is uuchanged. 
iiiurl)lik<' Nos. 44 and 4o, but 
■ of i:i,(i:w ponuds per square 

1 1 w ;is 11 u.slied by a pressure 
luipiil picics near the bottom, 
not changed in diameter or 



A {ire^suro of I6,2!t7 pounds per squai 

l»eam, when pieces broke from the mimii 

«t«r and the appcai'ancc of the remainin;; 
No. Hi {L'U.IIJ ,-opiRT, 77..V tinl bcliiivnl 

sliiiwed ;i littlt- itior.' .Iiirtilil\. A pii's.-^iii 

inch i-!iii.scd a roiniucssiuii of O.iHiUT imli. 

of llWil7 poiind-s, which forced otV wcdyo- 

Tlii- upper portion of the specimen i\aa 
li'jH-arani'e. 

No. 47 {1G.70 copper, 83.23 tin) wjis weak and brittle; a pressure of 
^'•.'•V.i pounds per square inch caused a conqiressitm of 0,(HI51 inch. 
'iiiler a pressure of 1I,77X iwmids per square inch wedge-shaj.)ed pieces 
l>iitkeout fnmi the niithllc. 

No. 48 (11. US copper, HS.i;,"i tin). — This piece was very weak, but less 
'Tittle than the four iiruccdiri;: .spcciniciiM. A pri-.ssiiiv of 1I.77S jHrnjuls 
1"T square inch coiriiui-.-iscd il H.iKill inch. A lui's.sincof l,!,o;!.s pi.tirnls 
l"'t squai-e inch cjuiscd it ln_\i>']il in tlncc |i.iilion.s; tlic |op and bi.t- 
l"m parts bciii;,' wi-<l;:c-s!Ktpc(l, wilb llu- points of the wcdjrfs rncfliiiK, 
i'liil having bases the full size of the dijuucter of the specimen, and the 
I'liiiiiuiny or middle portion being in one piece, and the whole welded 

Nil. 51 (cast copper). — A ]u--csMinT of 10, .557 pounds per sqnai-e inch 

'■:itiwl aciunin-cssion of IMUKSd inch. A pn's: "" 






.■d to 



c<la 



rk tlic .-ii.stic 



Th.M 



coMtpi-esskm to prcs.s 
li'ittcd reeord, wliidi 

.uii to a ])reNsure of 7 



.-;tr; 



-111 



spc 



I tin- 



i.tln-cnne 

■ two. J!e- 
novcd, tlie 
IS is shown 

■ point eor- 
Jicre an in- 
■iis 104,303 



..In,, lo:U.'J 



l.'Il. 



Til. 



' !"' 



ii.ls 



Die inaxiuinm jiressure 
ximum comiiression was 1.0308 ineh. 
-istance very similar to No. 51. The 
1 the same invssurcj^. The pressure 

■V sijoarc inch, cnusinj,'a I'ompressiou 
ami l.cn( l■l>n^illcr;lbh. Thcsectiou 



M-^oval, 

"".. ij.'t (cast copper) showcil yrcatci' resistance l... compression tlian 
■1.51 and oli. A change in direction uf the plotted curve occurs 
H. Ex. 98 2i 
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attlie sanip jireasiu'es as iiotiMl in tbp Ifist-iinined tesht. bnt'itle 
iiiiirked, the line shoiviiip n grailiiiil curve iip to 55,000 poiuvk 
Hqiiare inch. The nmx^iinnm pressure a])iilieil was 97,785 imuuds 
nqnare iiittb, and the comiiression cinised by that prcjisiire was 9i 

ANALYSES AND SPECIFIO GRAVITIES. 

Tlie folIowinR tables give tlie results of the chemicsii analysew and 
Tenniniitions of Mjiefiflc gravity which were inadeof jioiliousof each 
tested, in both the first auil second series. 

Till' auHlysea were made from the tumiiips and chips mnde insha] 
till' s].i^iineD8 for test by tensile stress, two ssimplcs for aualynisbi 
thus taken from each bar. In some cases in wbicb liipiatiun wa«pla 
neeii from the apjiearanee of tlie fraetiiie, analyses wer« made oft 
])nrtion8 of tbe bar. 

The siiei-ifie pi-arity determinations were made of pieees vrt^ 
ft'om r>0 to 7."> },'rami»es, tal;en from the cylindrical jKirtion of the bw 
tciisil.'-icfit ].!c.'i-.^. The pi.T.-,s.p|*tlicii.,.ic.liicIilc .si.eciiiienK wi 
fl.uii thr |-ui1i.MM.rtli.- Ti-sljiirrc l'iiiHir>l tVoJii Uu- poilil of fiiirl 
jiiiil Ibcrcliitv l.'iist .list. .ltd by III.' str.->. (\nvHiis taken l.i(«< 
]iirccs iis IVcc tioin blow-bub's as possible, but in sonic cases tliift a 
lint be (lone, and tbe n^sults are tberefore too low, as tlioso wbicb 
iuiHcatcd in the tables by an asterisk. 

In dcternuninji the Rjiecific cavities, the pieces were first wa«Ji« 
alcohol to five tliem from any dirt or givaae wbicb might be attaclif 
tliem, and tbcu ibonai^bly dined. Tbe weigliings were niiidcouaBet 
& Sons's cbi-riiisTs' biibtiicc, which was sensitive to ^'^ of a Diilligiaii 
Before weiginH in water, tbe pieces were boiled for two or three how 
remove as far as])ossili]c the air inclosed in the poi-es of the metal, 
after cooling in tiie ilisli in wliiih tliey were boiled, they weje pli 
under the receiver ut an ^iir-|iinnp, and the air was further exhaua 
They were then i-.ipi.lly transi.Tnd to the beaker of distilled watt 
which they were weighed, l>eing sus]>eiidetl by a looj) of verj- tine p 
num wire from the arm of the balance, Tbe water in which theyi 
weighed was always kept at the same level, and the pi"oiX!r corret 
was mmle for tbe weight of the platinum wiiv. 

The results given in the table are corrected for the temperature of 
water, being reduced to thest-andai-dofwaterof luiiximum density [3 
Fahr.). 

It will be seen that the bars which have Ijeen desciibed under t 
marks on the tests as l>eing full of blow-holes give low speciHc grftvi 
and it seems probable that all the figures of all the bare, from So. 
No. and No, '-H) to No, 34, are lower than the true speciftu grav^ 
the metal. 

To determine the effect of the porous structure in reducing the M 
ent spe«iBc gravity, a 8i»eeiul deteraiination was made of No, 6 A W 
copper, ia,6if tin) in the shajw of tnmings. It will be remembereA 
the test specimen with this number showed a separation of the DK 
into twodistinct alloys, which appeared intimately mixed in the fracti 
surface. The piece whose specific gnivity was determuied to he ( 
8.40S as given the tables, was ajiparently fi'ee from blow-holes of 
appreciable size, but the micture had a porous appearance. Five tl 
ings were nmdefrom the same piece, ami their density was duterm 
by the specific-gravity bottle, and also by weighing them in water 
small dish of platinum foil 9us]»ended fnim the arm of the balance. ' 
siderable dtfficultj- was experi'.D^ed ui removing the air-bubbles, s 
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as only after several boilings and exhaustions with the air-pnmp that 
instant weighings were obtained, the apparent specific gravity increas- 
g as the air was more perfectly removed. The result finally obtained 
as a density of 8.043, corrected for the expansion of water, and this fig- 
re was obtmned by both methods. 

The density of turnings from the ingot-copper used in making the 
loys was in like manner determined to be 8.874. 
A marked difference is seen between the density of the copper bar 
To. 1 and that of No. 30, which corre8i)onds to their difference in other 
•ropertie«. 

In averaging the figures obtained for the column of mean si)eciflc gravity 
Jos. 2 A, 6 A, and 31 A are rejected, as the figures obtained for them 
ffe evidently much lower than their true specific gravities. 

The bars which exhibited liquation also show a great difference in 
jpecific gravity in the top and bottom of the bar, corresponding to the 
lifference in composition. 

In bar No. 38 (62.42 copper, 37.48 tin), the mean specific gravity is 
laiken to be that of the piece from the middle of the bar No. 38 C, as the 
imposition of this piece agrees more nearly than the other portions of 
Ihe bar with the original mixture, and this composition nearly corre- 
sponds to the maximum density shown by No. 12. 
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t XI.— flliBT SrRIES — A.tlX>\B OF COPPKR ASD TiS. 

Jtttlgaet and Spedfic Grariliai. 
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Tabi-e Xn.— Sbcomd SaniKS— Allovs of Curpcii asd 
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3l6 TESTS OF METALS. 

UEJLLRKB t"POX THE GEMJKAL SrJIMAHT OF RESULTS. 

From the results reconlwl in the alwive talile a number of eiiiT»» lu«» 
Iteen plotted {Plates VII to^XI), by ins[»e*-n'on of wliich the rvlatiau 
exiMuig between the com positions of the alloys of coiiper and tui. their 
density, strength, dnetQity, and other proi>erties, may be «efn mon 
plainly than firom the figures. These ennes, and the figures from wtitdl 
they were plotted, will now be diseussed iu order. 

YABIATIOJi OF COMPOSITIOX BY AXALYSiS FIIOH COMPOSITIOS 8f 
URKiHiAL UIXTUBE, AUD LIQUATIOS OB SEFAKATION OF 
METALS. 

From the figures given in the tables of analyses and sperifie grar^ 
{pages 372, 373), under the head of " Variation of composition," a diagrax 
has been plot teit tosliow what rehition, if any, this \~ariation of {"ompoMtiaii 
bears to the peR'entages of ('opi)er and tin in the original mixture. T" 
diagram di»e« not indicate, however, that this variation follows with a 
tainty any regular law dependent uihih the i>ercentatre of the ni«t 
In general there apjiears to l>e a greater loss of tin than of eo])i)er in 
bars which contain the greater jn-rcentages of copiicr, and a greater loa 
of copper than of tin in the bars which contain the larger iiercentagest 
tin, anil that the bars which contain about equal amounts of the t 
metals show great tendency to liquation. 

In the alloys which contain less than Xi per cent, of tin by origt 
mixture there is a greater loss of tin than of copper, with but three o 
eeptions. In the alloys containing more than 70 pei- cent, of tin tb« 
is a greater loss of copper than of tin, with only one exception. Iii i 
of the alloyfi of these two classes tlic extreme variation of a e" 
iinalysis froiii the original mixtiirc is -t.K jier cent., and generally it 1 
less tliiin one i>cr cent. In the alloys between these limits, or thu«eiN~ 
l;(iiiing between ;i.j itnil 70 per cent, of tin, there are some bars wM 
show great amounts of liquation, and others which show very Itttia 
The diagram at this imitiou of the series is eouseqneutly very irregi ' 
and fails to indicate any definite law. 

It only seems to show that in these eomiwsitions there i 
tendency to liquation, which may or itmy not take i>lae«, aoeordiof ■ 
certain precautions are observed in casting. In the bai-s whose aua^ 
showed a gieat amount of liqnation it was unifomdy the case lAM t 
upper pait of the bar containetl the larger percentage of copper, a 
from the appearances of the fractures of <lifferent portions, the variat' 
in hardness aud other properties, as well as some analyses and dete 
nations of density made of different imrtious of the bar, it apjieantl 
there wa-i a regular incrcjise in perc^ntHge of eopi»erfrom the iHtttomfi 
the top, and that there was no di.stinct plane of sejiuration t>etweentii 
difl'erent but definite compositions. In two cases the diffen'uetss iu cim 
IKtsition of the top and bottom of the bar amotiuted to more than 20pfl 
cent. 

In two cases there appeared to be lateral liquation or seiwrstion t 
the metals in such a manner that the exterior of the bar contained hW 
atnonnt of tin than the interior. Tlie first of these, No. lis (.'W,37 wp 
jter, fil.32 tin), contained by original mixtim; 'Aii.20 coiqu-r, iin.SH tiiL 
The analyses of the timiings from the tension -pieces, friun the tiijianil 
from the l>ottom of the bar, the tuniings Iwing taken fn.To the wli"'* 
length of the cylindrical ]K>rtions of the test-jiieces, and iuclinling all «f 
the metal in the square portion of the bar e.veept the c.\ linder in 0» 
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fl 
cenfer, 0.7!)8 incli in diameter, gave almost prt'cisely tlie Raine rosults 
(+3^7 <M>i)i>er, 56,37 tin, iiinl 43.^ copper, 51»,40 tin), showing a loss of 
do of more than -1 per cent. A piece from the luiihlle of the bar was 
then analyzed, the whole of the siiuare section beiuy tiimcil iut*> chipN. 
The analysis of this piece gave Sft.S" copper. M.^2 tin, or 0.52 piT <'ent. 
more tin than the original mixture. The other bar. No. 1!), showed the 
nume renult. Tlie oiiginal inixtiin' was .'! i.t'.'i cuiipi-r, Im.»5 tin, and the 
analysew of the turnings I'nini ilu- ontsiili- nt ilic li:ir iit top and bottom 
weiv W.:i2 eop]>ei', r>S».4ti tin, iiml Hl._'l ci.]!]"!. ■■.:MI I in. The analysis of 
jit'ce from tlie mitldli' of the l>;ir j,';iv.' :U.L"J cnjip'T, (iS.SO tin. 

SPKCIFIC GRAVITY. 

rve of Bpecific gravities shows a certain degree of i"egularity, 
tndiciiliiig that the densities of these alloys follow a definite law. 

Th<- alloys containing less than 25 jht c«nt. of tin show an irrcgnlar 
variatinn in specific gravity, Ivnt thi.-; is entirely explained by the fact of 
the porosity of the metals, unil th;il tlie detenninations were made on 
large pieces. Tlie figures oblaiiitil air. Ihtitfore, to be considei'ed as 
the densities of the castingx, ami ii"t of the metals themselves, as they 
might be determined in the .-diaiie >>f line powder, or metal i>erfeetly free 
from minute cavities. 

The densities of the castings are much lower than that of the metal 
as given by other anthorities, and this fact is coirolxirated by the deter- 
minations of the density of >io, A (87.15 copper, 12.60 tin) in the shape 
of fine tiuTiings, which gave tlie flgitre 8.943, and of titmings of ingot- 
copper, whicli gave the figure 8.874, 

It will be noticed that those bars which gave less strength than might 
be esiwet^-d from their (H>mpositions, and those whose resistances to 
Htress art) i-ejected from the table of averagejj, also lia^i lower specific 
gravities than those metals of nearly sunilar comiwsitioQS which had 
greater strength. 

From the comparison of the strengths of the bai-g containing: less than 
20 i>er cent, of tin »-ilh their (leasities. it is a|>i'i"VTit that ili.' sitvrii;th 
and densilv are in a certain ili-gn.-edi'i>i'iidi'iit u|iiiii e;irh ntlur; tlmt is, 
that the greater the density of an alloy of any given e.nnj.ositioii ei.ii- 
tainin^' l.-,-.s than l'o \»'i v<-u\ i.l" tin the gi-eater the strength. This has 

betMi plaiiih -iliimii ill exiiiTi llt^ liv several anthorities on gnn-metal, 

wbi.-h iiiufo]ii,l.\ .-xhihitsaij iii.'ivasi-ofstrength with increaseof density. 

This fact " ill also accuunl for the much lower strength of the alloy of 
00 cop[H'r, lu tin, antl of metals of nearly similar oomiKtsition, than is 
given by .some authorities as the strength of gun-metal. It mnst be 
rememlx'n'd that the casting of small bars, sncb as liave been nsed in 
the esperiiiicnts herein describeil, is especially inifavorable to the pro- 
dnetion of niclal of gi-eat densitj', while in the casting of guns and other 
large niasHcs Ihi' pi-essure of molten metal is much greater, and all con- 
ditions faviti- till- increase of density. 

Filial a study of the Bi»ecitlc gravitiesof alloys of ciipjier and tin which 
have hicii pii}ilishi>il by other authorities, especially Calvcii ami .loliii- 
son. ami Kii lie, \ilio took especial preeftutions lo olitain llie i!ca>ilics of 
the i-unipacteil metals, and con>paring them with the ti^riires •;i\en above 
for ingot-copper and Xo, 6 A in turning, it ap]>eaii* pmliable tlmi ilie 
actual Hiie<-ific gmviticsof all tlie alhiyscontuiidng less than L'.-) \»'y <'ent. 
of tin do not greatly vary from .S.!).*i, and that the spei-itie ;;t;h irics of 
- gtiligs of these alloys will Ih- less than S.!'5 accordiTig to tlieir ilc^'ri-es 
sity. Kiche gives figures showing the increase of deu.sily of sev- 
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» 
eral alloj-fi by renip^ring and conipro«8ii>n. Tlie specific gravit.T of u 
alloy of 9-1 copptr, « tin, was iQcrea^K^L from 8.541 to S.93!) by rapoatel 
tfiinperiii^; and i-ollint;. 

The siHieiflc gravity of pure copper, according to a largo iiuiulMrof 
authoritieij quoted in " ConntanU of yature,^ varies from 8Ji60 to 8,M8, 
electTolytic, lianiniered, rolled, or pressed copper giving the liigUetit 
figures and those wliich i)robably aiv the most nearly corrvct. 

The fipecific gravity of No. G A as belore stated is 8,943, and those of all 
the alloys containing between 25 and 38 ]X)r cent, of tin, whi<'h alldys 
are all very (wmpait an<l honiogeneons, aj'e gi-eater than .s,» (nwlung 
8.97 at the latter peiveiiUi^'i-). bolli iis il.>tiTiiiiii<-il in thcs..- .-xiH-rirm-iitii, 
and OH determined liy ralvcrt aiiii.li'liiisim. Thr^r ri->iilts tii.-nliire, 
tpnd to confirm tlieiilu.v.' siarniinil llsiit lin' simtHh' ;;ili\ iiirs oI' iillihe 
alloys containing less than 'St per cent, ol' tin are nearly 8.9,"), anil that a 
determination wliicli give^ a less figiue reveals tlie poiiisit^' of the cast-, 
ing. 

The specific graviUes given in the above tables, as determined from 
pieces of the castings, are more valuable than if they were lieteiuiined 
only from turnings, for the reason tliiil llnv show the cause of imperfec- 
tions in strength and other ipialilii's, nml iiLiliiiile that the prosier method 
of improAing the strength is to ituKMse i he density. Tliey also iudicntQi 
that the lower the siieeific gravity of one of tliesi^ alloys, which sliowsii 
certain <lefinit« strengtli, the gn^ater inereti^ may probably be givtotO; 
that strength by any uieanM which will cause the specific graiiity to '~ 
pi-oach the figure 8.95. ,^ 

The several niethoils ot'ineri'ii.sing the specific graWties of tbesealloyn 
and riii-reli,\ iiK-n-jisiii;^ ihi'ir wti-i-n;;fh yet remain to be cxiM*nilietil 
uiKin. it is well Uiin^ku ilnit roJlLii^, hanmienug. or pressing tlie poi 
and ductile metals ineiea,se.s the density. Casting under pressure 
the same eti'ect, as shown in the greatei* densitjj' of the buttum of a bea/tj 
guu casting tlian tlie top or the sinking head, and in a still nutremarkwl 
degree by experiments which have lately lieen made of eststing undM 
very heavy hydraulic pressure. It is pi-obable also that temperatnrecf 
XMMiriii^' anil lale nf eiioling have an im|H)i'tant intiueuce uimu the is 
sity, iiiiii lli:il the use of any fluxes which may i-einove welude<l 
from the riJiilu-ii iiH-tals will be likely to increase it. 

The iii:i\iiiiiun lieiisity of the soiies is given by llie iilliiy Xo, lil (C2.31 
copper. :i7..!."i tiiL. by analysis), the original mixtmr of which i-oiTe,s[wiiiU 
to llie totiiiula Sii Cuj, and it is nearly approarheil ii\ tin' allov, Xo. 
;(8 {ilJA-J cjppe]', :t7.-18 tin). Tlie figures iU-e8.1lTlt ami S.!).-.fi ivspectivelj-. 
The former iw higher than is given 1>\ any authoriiy 'jiKiled in ■• Congtanti 
of Natur<P for any alloy of eoi'per ami (in. Tin' s]ii-eilic gravity of ihfl 
same alloy aee^iitling to Calvi'il and .lohiif^ou is S.it.'ii. (.'alver' 
Johnson's nixxinnim figure is 8.'J(i5, which was ubtuined with the aiKtfi, 
Sn ('rir. (7l.'.9<i ropper, 27.10 tin). ItoUey states tliat a large clock bellifi 
Iti'ielieiilL^ill, xi\ liiiiidred years old, has a specific gravity of 9.1, it« 000^ 
lH»silii)ii Ixin;: 1i\:H) copier, 2.3.80 tin. This figure is so muuli liighffl/^ 
Hum thai niveu by any other authority that it may be consideRd 
do u hit ill. 

Fi-Diii the alloy No. 12 to the end of the series, or to pure tin, Uiere i* 
an almost perBwtly regular decrease of specific gravity, tliat of tui bi-inj 
7.293, which figure agrees wiMi the results of several other authorities 
Fi-oiii the regularity of this diiiiase of specific gravnty,andt'nun the fact 
that all the i-esults Itelwii'U tin- nlloy containing (J2.ai copjier, o'X> ti". 
and i)ure tin agren closely with the lignies given by other authorities 6' 
the siieeific gravities of the same alloys, as is idainly shown in the ciuv** 
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of comparison of aiitlinrities (PlateXIT), it appears tliat these alloys arin 
iiiiicU less iipt til viirv in their ileiisilies ttiiiii tliose wmtainiiig loss tiianv 
25 i>L>r n-iA. <,f till. iiii.I t!i:il tlir,\ liiivi- liiit l»tle, if any, impcwity. It iaM 

tbej-rlHi-,. |.i'..l.;ihlv rli^Li ilirh' ilrii-ni.'N will mil ij^reatly vary iiuder ilif-« 

!t liiLs liiTi] obsiTveil tliiit (ill- ilriisitii'-i .if till' alloys containing leaa^l 
than 20 per cent, of tin lisivo direct relation to their 8tr«ngllis, the 
strength being greater as the density ia greater. This dwa not apiMiar 
» be the case with the alhiys coiitaiiiiug more tin than the aUoy of 
naximum density, and iii these alloys there is a regnlar dei^reiisu of 
loiMty, bat a great IrregnhLrity in strength. It has also been noticed 
iiat din^Brent portions of the same bar vary considerably in strength, 
}iit have almost exactly the same density. The variations in strength, 
IS before stated, seem to depend upon the rate of cooling, and possibly- i 
ipoD diffei-eiices of pressure, causes which apparently have an importAafr J 
uduenec npon the crystallization, but not u^tou the density. I 

COMPAHISON OF KE818TANCES. M 

By inspection of the eur\-e8 of comparison of strength by transverse, I 
leusile, torsional, and compressive stresses (Hat* VII), it will l»e seen i 
:hat the eiu-ves of tensile and tursional strengths iifiifi' vn y ( liisfly, the 
nrstonal cm-ve being laid down to such a scale lliat imi- Uml jinnnd of 
Wrsioual moment is equivalent to 20() ponnds of tri]Kil<' sinn^Mh. The 
surve of transverse- strength is similai' to those of ten-siou and torsion 
the scale being such that one ponnd modnlns of rupture coiTi'sitonds to 
me iiound tensile strength), but tlie ordinates of th« points of the curve 
^presenting most of the alloys are much greater than in the two latter 
mrves. 

The curve of compressive strength is very unlike either of the other 

mrves. Being laid down to the same scale as that of tensih; strength 

he ordinates of the curve are all uineh higher, showing that the com- 

: ■ >sive strengths pt-r m|ii;iii> inili of all the copper-tin alloys ai-e much 

iter than their tensile .•Jir,n;:ti]s. Tlie maximum eompressiv* I 

: iiigth is i-eaehed liy urn* ol IIli' lirittlc alloys, the tensile strength (tf I 

iiu'li was nut far t'roiti tli<- iiiii)iiiiiiin. 

It appears, tlnTcforc, tli;if tiic li'iiiih' mid coiriim'ssive strengths of 
he alloys arc in no vviiy n'luti'd t<M;ii-lL iitlirr; tliiit tin- t()rsiunal stl-ength 
s closely pnipin'tiiin;il to tin- ti'Lisifr slri-ii^Ili, ;ind tli;it the transverse 
itrength may depi'ud, in some di'giTe, upon tlie eoinju'essive strength, , 
IB is indicate<l by the approai^h of some portions of the transverse curve. J 
lo the compression curve, but it is niueh more nearly related to the ten-' I 
liie strength, as is shown by the general eori-espondence of the curve of I 
transverse with that of tensile strength. The modnlns of rupture, tw 1 
obtained by the transverse tests, ia in general a figure between those of 1 
tensile and eoinpivssive sti-engths per square inch, but there are a few I 
e»:«ptions in wIilcIi il is larger than eithei-. ■ 1 

From llic eiu'ves ..f liMiLsvetse, re[isilf, mid lorsiomil strengths it is 

»prri thill 111.' strrii;;tli!^ oC Mil- iillo\s ;u til. |i|.ri .■jid of the series in- 

m-.i»f rapiillv «itli llie iiililitiiiii ol' tin, till ;iboiil 1 per cent, of tin is 
reai'licd. Til.- ti-aiisveise stieiiglh .■..ill limes iv-ii!iir!y to increase to the 
inuvininiii, till the alloy containing about 17J per cent, of tiu is reached, 
wliili' tli>- tensile and torsional strengths also inereiLse, but very irregu- 
'"ily, to ilie same jK»int. As this irregularity corres]«mds to the irregu- 
JBpiii' in tlie same {mrtion of the curve of spi-ciBc granties, it is probably 
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due to pnnjaity of the metal, and iiiiglit ])088ibly be removed by anj 
meaiiH wbii^li would make tlie oaKtiiigs more coitijiact. 

The mashniim poiiit of th# three fiirves is reached at the ftame pmat, 
viz, at the alloy eoutaiuiiig SU.Ttf copper, ] 7.;J4 tm, tlie traiisvereestreoglh, 
however, beinfi very much greater at thie poiut thau the tensile or wr- 
sional strength. 

From the point of masimum wlri'iiirth the tlirec cnrveH drop very rap- 
idly to the alloys containing ahinit I'T.."- |k'i cent, of tin, and then more 
slowly to 37..") i»er cent., at wliieli iiuint (hi- iiiiiiiiLimii or nearly the mini- 
mum strength of tin, by all three ineliinds i\( test, is reached. The uoni- 
pressioti curve reai^^hefl ita maxiinnui between these points. The alloyi 
of mlnimiiQi strengtli are foiuitl tVum 3,7J3 per cent, tin to ii'2.5 per cent, 
tin; the nltservations being somewhat in'egiilar between these jwista, 
making it dittlcult to state the exact miuinium poiiitft of the curve, but 
ail agreeing iu showing great weakness. The absolute minimum iapiol)- 
ably about 45 i»er cent, of tin. 

From 52,5 per cent, of tin to about 77.5 per cent, tin there is a ratto 
slow and invgular increase in strength to the i)oiut which has been called 
the second uiaxiiniim, tbe curve of transverse strcTiglh at thij* jwmt, U 
at thu first maximum, rising much higher than the other two cun'es. The 
former, also, does not reach its seconil maximum lit the same ^toiutastlie 
two hitter, bill this iiiiiy lie iUTidenliil. 

Fnuii 77.5 ]„-f i-erit. tin t<i tlie <inl..rthe series, or all tin. the strength! 
sh)wly iiiKi si.iiu'wjiat !iiet:iil;irly ileen-ase, tlie swiond minimum being 
rem'bed iit the eii.l tif liienirve. ' It will he noticed tliuttiu' iiTcguhirity of 
the torsional cnrve in much less than those nftlie otiier curves, which ii 
probably due t« the fact that in the tiu^iiiiiiii ter-isthe time occupied in 
making the tests was vei->' uniform, ami alsu ilinl the toislomil cun"t is 
made from tlie iivei-Jge results of usually tinii' tests of each bsir, whllft 
the te[isili- ti'sts were but two iii number from each bar, and the tiu 

One 111' (lie ninst important facts to be learned from tbe cur%-eB is tli 
all the ulloys iinilaiiiiu;; more than 25 per c«nt. tin aro practically wort 
less for all purpuses wiu re Ntivngth is required, the average strength 
these alloys lieiri;; mily :i<>iiiit one-sixth of the average of those contsia- 
ing less thau 25 per cent, of tin. 

COMPARISON OP DUCTILITY, 

Tlu' ductility of the alloys is shown by the plate (No. IX) of cmres' 
ductility by transverse, tensile, and tortioual sti'esses. These thr 
cuives agive in showing that the ductihty follows a vej-y regular li«| 
dc|K'uiliug upon the composition. 

The iluctility in the tensile testu was determined by direct obscrval 
of the elongations of the pieces under tension. Iu the cases of thel 
alloys these elongations were such very small quantities that they 
not be measured, and the curve, therefore, touches the axis of alHK_. . 

Tlie ductility iu the transverse tests was determined by tie flual d* 
flectit'iis lietiiie hri>:i!d]i;;. Mild US this was always iiu appreuiable quanl)ti]F 
even Willi the Ik it III* iillnys, the cur\'e is easily laid down, except in W 
iu wliiili the liar lieiii \\itliciiit breakhig. The curve, thei-eforc, cuts 
toiMil'Ihe |>late ill twii piiiiils.tliits iiidi)'atLn;rtliiit tiie ductility by trans- 
verse stress «il!ji.nt tli.ise |>oint-. is imlelei iniiiate but verv givat. 

The .liieiility In- t..r,-.iiiiial tests is d.-teruiineil tV.iai the extension of 
the cxteri.ir filler or line nf jiartieles in a l(>isiMji-|jii-ei- one inch long, in 
parts of an inch, whii'li is calcuhited from the angle of torsion given by 
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tbe aiilofrrnpliic strain ilingram. This ^vw a correct comparison of the 
relaliv* diu'tility of alltbt'i»ie<*«tost*'«l,wIietbi>rvery brittle orveiy duc- 
tile, anil till' i^oiiii>amtiv« ductility in given in tlip flgiires in tlie tnble of 
Nuninii\iy of rcsnits. Tlie nia-tinmm nnnle of torsion (firen in the snm- 
niai'v is ii."iti.7r> ilejireen, wliicli ronespouds to an extension of 2.1!t75 
ini-hcs of ii lint- of particles, oriniimlly chic inch long, on a cylinder 4 
inch in iliameter. on the sn]>pnsitioii tlnit the diameter and length of 
fhi' cylinder while being twisted reiiiiiincil nncliiinged. The niinimnm 
an-rlf of torsion is 0,4 degree, which corresponds to iiu extension of 
only (i.iMMiOOli inch. The dnctility of piuv tin being therefore more than 
2iH),iMHi times that of the most brittle alloy, tJiey cannot both be rep- 
nsfiiteil ill a cune drawn on the same scale, except when the lower por- 
tion 111' the ciure practically coincides with the bottom line of the plate. 
The cnivc is therefore d^aw^l so as to make it coincide with the curve of 
dnctility by tensile te.stN. 

Heferrrnjr to the tlnvv inr\-e8, it will be seen that the alloys contain- 
ing less th;in IL'.") [n>r crnt. of tin, and more than S7.r> i>er cent, of tin, 
aresiiibictile that bars of I'l' inrhes in length bend to n detlri'lion of more 
than -M iriclics wit hoot lnvaking. and tii.'ir ccaiipaiativc .hirtility is not, 
Therefore, ilet.-rniincd bv tiiis airthod of t>-st. I!ar No. I. all cojiikt, in 
anexce|.Iion.biit it was <oi,si.len-d to In- a defective bar. liar Xo. 30, all 
ciijiiH'r, lient wiihoiir iacakiTig. 

The coaiparalivr liiiiiiHty of these alloys is plainly shown by the 
cnives obtiiinctl from tcasile and torsional tests. From both curves it 
HlHiears tliat. Iicgiiining at pure copi)er, the ductility increases slightly 
with the addition of tin till from 2 to 4 per cent., between which limits 
the inaximnm dnctility of the stronger alloys is reachetl. From this 
point there is a regnlar inrve of decre^i.se of dnctility to 2.5 jK'r cent. 
tin. at whii'li ]ioint it biTomcs so small that both curves apiiarcntly 
tou.'b tiLr bas.- lim-. TJic rn-ord of eomparjilive .laHilitv bv Irnsion is 
th.-n i-ntirrly lo>t np t.. tin- aijov I'ontaiiiiag T."i ]»■>■ ceiil. tin. wliile that 
by torsion is lost in the curve, i.nl ran ln' traced from the lignrcs in the 
tJibh- of siimiiiary of results, p'linn these figures it is setMi that the 
miniainm diiitiliiy is reached at fnmi -'J"..'* to 47.5 per cent, tin, which 
cinTi'S|H')nls m-arlv to the minimum jwint of strength. 

Tb.- nnvr of .liu-tdily by tninsvei-se strength, commencing at about 
VJ.r> i.i-r c-iit. tin. shows a regular cnrviilarc tendin- l.maid the l)ot- 
tom of the plate, (r. aiioiit .T. )M-r eent. I in. and from lliat |.oiiit to .'..-. jn-r 
cent, tin il is nearly lioriKontal, imliealing a luiainniai at lo per eent., 
thus agreeing with the residt obtained from tht; torsional tests. From 
5^} per cent, tin thwe is a very regnlar curve upwanl to 87.5 jier cent, 
tin, at whieh ]>oint the transverse curve is lost in cflnsetiiieticc of the 
bars bending withimt breaking. 

The enries of teuHile and torsional ductility ax>i>ear to rise from the 
luittom line lit atxmt 75 i>er wnt. tin, and frcmi that iK)int to the end, or 
pure tin, there is a very regular increase, the regidarity being niueh 
gn^iter ill the tests by torsion than in those by tension. 

t TOTAL BESTLIESCK. 

he n-silicnce or amount of work done in breaking each of the alloys 
in Mhonii by the figures in the table ()f sniiiniary of results under heml- 
ings of tratisvei'se and torsional tests, and by the cur\-ea plotted from 
these figures. 

-The work done in breaking any sjiecimen is measured in the same 
iBuer a« mechanical work of any kind, llmt is, by the product of a 
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resistance into tlie distance throngli wtiit;li the ivststanre ucts. Wboi 
the resistance is variable tlie wui-lc is ttie pruducl ol' llie mean reslattuitt 
into tliat distance. 

The work dune in breaking a piece uf nictal by tensile stress i« eqini 
to the mean resistance miiltiiilied by the t4)tal ifhintjfatiim ; by transTBW 
stress it is the mean resistatu^e niiiltiplied l>,'i' the total detleution, andbf 
torrtioiiiil Mtri'ss it is tlie iiLe:iri rcsisliuii-i- of tlic siicciincii as measured ij 
the iiK'iiT] "iiliiiatr ■'!' till' ;iiitu;;r;t|i)i!i- slr;iin iliii(jrain, expressed in " 
IKHiiiils 111' t<ir.siii;i;il iiimiK'nl. m- iiniiTiiN ^ii-liTi;.' ;it the nulins of one foOl 
miilli|ilii''i l>v till' iiist;iii>'e tliri>ii<;l) mIiii'Il this iiiomeut Is exerted M 
meiiwinrd bv the totiil abfteissa of the dia^UlD and radueeil to feet txav- 
orst'd li> tin* resishiiice. 

Till- II ^iiirriic iiiHler transverse stress has been calenlated from the 
curves of ih;llii:liiniM by transverse stress f Plates XVI, XVII), the areuvf 
the curve being dtreutly propurtiunal to tlie resilience, the ordiuates 
I'etienting resistances and the abscissas deflections. The nwrilts as ^tu 
in tbotahles tu« reduced to foot'iMainds of work. In the cases of the tnut 
vMcb lieut to a deflection of more than 'M inches withoat breaking, llil 
total re.silience within the breaking i>oiiit conld not lie detei-niined, uid 
the rmilience within the limit of J^ inches deflection has been iakiSt 
instead. 

ITie torsional resilience has been calcnlateil from the area of the ant* 
gnii>lii{' strain diagram in the manner above stated, the total resilienes 
up to the lireakiug itoint being taken hi each case and reduced to ftwt' 
IMJunds of work. 

The resilience under tensile stress has not Tkwh determined, since tbfl 
elongatiouH of all the brittle pieces were not meiisuredf and those uf m 
of the ductile pieces were not determined with the same accuracy wl 
characterized the trausver»e iUid torsional tests. 

Eeterring to the jdate of curves of resiliences (Plate S) it will be t 
that the resiliejice bears a very close relation to the ductility, thecturer 
of the two properties being nenrly similar, except in those portionsnC 
the enrvps rpjirencntiug the iluctile alh)ys, which Iwnt without breafejgf 
niuh'y lr^iii,-vi rsi' stri'.ss, aud of which the transverse resilience istakel 
only MiiliiTi A ili'lli'i'tion of 3J inches, while the torsional resilience il 
taken 111 111!' |.i>iiii i.f rupture. 

Tliv iii;i\iiiiiiiij toi'sional resiUence is given by bar 'N'o. 3 (06.06 copptfi 
3.7(1 till), wliiih wiis oue of the most ductile of the stronger alloys, So. 
3.) (Ss.tu .ii|.|i.r, ]|..'(U tin) gave the maximum transvei-se resUienofi 
within rlif dcilci'ij.in nf.'t.l inches, on account of its being the strongwt 
alloy which ii-;j<I.i'.1 tliiit dcHi^rtii.ii witliout lin-;iking, hut its total refflV 
ienee is mndi li-s^s tUiiii tln-^ii' hIIIli- Timr.' ilii.'tilc liiii-s, which beutwitlf 
ont breaking tiMl.'ilri'iii.iis .if uimi'c tliini s incli.-s. 

From the bar which yave the uiiiximuin totiU resilience of 599.96 ftwfr 
pounds there is a rapid decrease to £Io. 8 (iti-tii cop{>er, 23.'M tin), wltiah 
had a resilience of only 3.72 foot-pounds. From No. 8 to JTo. 20 {3&J8S 
coppei', 73.80 tin) all of the bars, with one exception, show totiU not 
iences by torsion of less than oue foot-pound each, the niinimtini licing 
only 0.08 foot-pounds, or only about yj*^ part of the maxiuunn. Thwe 
resiliences being so small compared nitli the maximum, the curve irf 
resiliences {Plate III) between these pouits approaches the bottom line 
of the pliitc S.1 cliisi-ly that it apimrently coincides with it. The Hguffs 
for tiiirisvcr-M- ii'silitMice agree quite closely with those of torsiouid 
resiliciii'i- lu'ivn'i'ii tliese points. 

Fri>rri liiii No. L'i> to Xo. 28 [0.32 copper, OO.ifitin) there is a gradual in- 
creawc of tlie total resihences to 12o.'JD foot-pounds, which is the "second 
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niasiinnm" point of tlio cun'e. Tlie bar of pure tin sliows a aomewlmt 
l(s»8 nwilience, oa awflunt of its less strenjttli, llian No. 28, altlioiigh it 
iwssessed a, slightly greater ilnetility. Tlu; »ceond luaxiniiim resilieni* 
l)y transii'erRe stress within a dpflei'tioii of 'i^ inclies is readied by No. 24 
(11.49 (Aopper. 88.47 tiii), on account of its having the gi-eatest strength 
of tbe bare containing a large amount of tin whieh bt'ut without lireak- 
iDg, Tlie transverse resiliences (within the deflection of 3J incheg) de- 
crease to Xo. 29 (all tin), on awwnnt of the dwi-ease of strength, while 
the total i-esiliences increase on account of the rapid increase of duc- 
tility. 

LEHIT OP ELASTICITY. 

Tlie limit of elasticity Iiaa been defined as the point at which the dis- 
tortion (either by tension, torsion, fonipression, or transverse stress) bo- 
gins to incivasein a greater niti" tluin lln- force which canses the dis- 
tortion. It corresponds nearly wiih ti;r p.iint of first appreciable eet, 
or permanent distortion. In tlu' |)liitt<'d iirrves of deflections and elon- 
gationw and in the autographicdiiigramsof torsional stress it is the pohit 
at which the curve begins (usually suddenly) to changeits direction ami 
deth'if tiiwai-d the lioiizontal. 

The jitate of cm-ves in which comjiarison is made of the ti'ansverBe, 
torsional, and tensile strengths, also contains cnrvos showing the limit of 
elasticity under each of the three kinds of tests. Tlieee have bwn 
plotted from the fignres given in the tables of tests hy tensile, trans- 
verse, and torsional stresses under each series. In the table of general 
siiuiniary of resnltB (Table XIU) the elastic limits are reinveeated for 
more convenient comparison by parts of the total strengths. 

It will be seen that there is a similarity in the cnrves of limits of elas- 
ticiiv ot'liiiiH'd from the thn'C kinds f>f tests, and that thcv coincide with 
till- I■l1rv.■,^ nl>liv!it:l!i ill XUi- iiii.Mli-["'rt it'll ..illi;il poitiim ..flLv M-iics 
cont;iiiiiii^ the brittle iilhns. ^iiid hill ln-reitlii tliem >it <ti.' .-nds, llie lig- 
un-s in tlic tiibh- ot siioiinary of results sli„wiiijr the ehislie liiiiil to Is* 
ItIO per cent, of the total str<-n;;tli, and that of the more dnetilc alloys to 
tM" in some caftes as small a-s 211 percent, of the total strength, and to in- 
crease with the decreaBc of ductility. 

There is a considerfiVilc dift'erenee l>ctween tlie flgiirea representing the 
ratios of elastic limit to totid sti (■ii;rth of the ductile alloys as determined 
hy the various methiMis i>r tests. In general the ratios obtained by the 
tensile tests is iiigher tluiii lliiit obtained by either the transverse or 
torsional tests, ami the two latter more nearly agree. 

Kefeiring to the ciiires and to the figures giving the ratios of elastic 
limit to brealting loail, it is seen that in the Btronger alloys, those 
containing less than 17.5 per cent, of tin, the elastic limit under tensile 
stress is reached at iVt>m 50 to (J8 per cent, of the breaking load, and 
under transverse and torsional etrcits at about 35 to 45 per cent. As 
the percentage of tin is increased beyond 17.5 per cent, the ratio of 
datrtic limit to ultimate stn^ngth is increased, the alloy No. 8 (76.04 
ropper, 2;{.24 tin) giving results «hii-h shoued llie miii- lo he 100 per 
cent., or that the elastic, limit ivas nut n-ai'lu-d till t'liii'tiire took place. 
Th4* same wsnlt is given In jill t)ie ;illo^ s IV..11, N„. s to No. 21 (38.37 
copper, Iil,:t2 tin). From No. 21 dt imic tin, the ela.slie limit is reached 
before fraetm-o, by transverse and torsional tests. In the tensile tests 
of the alloys coiiliiiiiiiig between G2.5 and 82.5 per cent, of tin the posi- 
tion of the ehistic limit is ilonhtfnl, but it is proliable it was either not 

wlied or only just reaidied before fracture took place. In these alloys 
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tlic nitina oi elastic limit to iiltiinati! HtrenKtli appeur miidi liii^hah 
testtt by torsional tban by tmnsveriM; titi'ess. l!he ductile iilluys coiiUb- 
itig lurge perceiitaj^!! of tiu, give ratios under torsional stress tthloli 
tiCnulnally tlecrense as tlie percentage of tin iiiui-eaMes, the <l«H;reiu)t- Mt$ 
nearly regular from 1)8.5 per cent, to 4.j..t jter vi.\ut., between the ulloy H 
27.U uopper, 72.5 tin, and pure tiii. In tlie transverse t^ittM the ntio ii 
much more nearly constant, varying somewhat irreguliirly hct 
same compositions trom 4^.8 to U7.3 [H-r cent. 

MODirLI OF ELAUTICITY. 

Tlie moduli of elasticity were calculate*! frnm the deflections i 
in tlie transverse tests. In the tables of the tfstH of each bar a li 
number of niodnli of elasticity liavc Wen calculated for each test toil 
the rliiniRe of thia modulus at diil'erent parts of the test both witbui 
be.vuml llie elastic limit. In the summary of results by transversn t* 
and in llie table of general Hummai-y of resiUta (Tables II, VIII, 
Xili), the figures given are considered to lie the most jiiobable nw 
liu) of each bar within the ehistic limit where the detlectious are pn 
tional to the applie<t loads. The curve (Plate XI) has Iwen plotted 
these liguies. The flguivs and the curve show a great irreguhuitj- 
not yiTiiirit hill! iiii;;!it bci'xpected frtim metftls of diffei-ent coniponl ^^ 
wbi'ii it is i'<'iij<'Mil>.'ivil th:it llie modulus of elasticity of a single OKbll 
wi-.m-^Iit in'ij. \i:\s licrii tiiund liy various experiments to *"" 

1K,(KHI,0II|I 1(. 40,(HH1,IHHI. 

lleferring to the figures of moduli in tlie table of suiiimiiries (Taiilc 
XIII) and to the cur\-e plotted liniiitli.-iii.it ii^ st-vii tliat in tin "' 
eoutaining lea* than J4 iM.'r wnt. h1' liii. wliii.-li incbub's all tlif st 
and more Viduiilih- idlnys nl' tlir clvwii lij:iirrs .if imidiiU I.I" i-l;t 
wllicli fire corisidi-]'<-d iViiidilr <>l>.s.'r\ aliunK, iiinr of tlieiit nv Ik 
13,300,t)(K» and 1,-.,(HMI.IKKI, I In- mIIi.t twi.lu'iii- Hl,-_'ti;(.l'll.'. and ll'.t 
These figures Millicii'rilly rslablisli IIk- [in.ditli .il'i'lasiit-ily by Iran 
Stress of these alleys t,i l.r, a-^ sln.wii by tlii' I'urM-. abi.iit U.tMlii,(l 

From 25 jier ctTi't. to .Ti |U'i- itiiI. tin tin- lUinbibis seiMiis l.i Im 
what greati'r, tlii' linn- cilKcrviitiims iii'\.t ai'li'r those iibovi' iiicii 
varyiufi IVuiii U.S!)ii,ii;il Ui lll,:!S7,im. [■'nun :i:j tn 7."i |.i-i- .■.■nl. Il 
)l ViTV great inv;;ril,(ritv. Tiiisi'!.n-,-,s|i(niLls tii tin- ii)vuiilaiit\ in sirciij:!" 
aiKl .ilhiTpi-i.jxTri.'sasslamd bv al! tlu- tests, bul is a marli ;.'mil<T 
inv^nilarilv lliaa ..I anv oIIiit |>i'i.|ierl v. Nm. il iti-">.;U .■H|.|.,-r, :i(.4:iiiil 

givrs a aii.iliibisiiffiMT l!), .(HID, wliili- N... li; (til'.:!! .-..i.in-r, .iT.:!.'' tin) 

Hivi-s less than half as iiiii<-li. Tlir hillci-, it will ]„■ r.'Miniibrri'il. na( 
tbi'alli.v of-ivar.'st driisitv. The tw.i facts nia\ in soai.- wa\ Ik' wn- 
lUTtnl. liar N.i. IJ (uri^-iiial inixliirc. :>I..S eii|.|irr, 4S.-J tiiij ^'ivi-.' a 
modulus of -aily ."..171,r.4ll. This l.ar sb.iwi'd a v.-ry yival di-jvi- iif li- 
(juution, but its lnw iiii>iliiliis may br |>ai'lially dii>- to ihr lad ot'lhi'Iior 
being shorter than the standard lrii<,'tli i.f IJU inelirs brUvmi .>u|>i«'rl^ 
The figure was thi-rcf.-ie miei't.-il as unn-liable, a^ were als,) iIiom- nfall 
the short bai-s. It is remarkable that the other bur wiiieli showed *uO 
ffreat lii|U)itinn, No. 17 (orighial mixture, 41,74 copper, 58.2(1 tiH),Bbe)dd 
give a iinidulus of over 23,lHXl,(HI«, the highest figure given by any aUT 

FruMi (ill- ulioxs .■(iiitaiiiiii;,'- 711 \Hr ertif. tin, t.i pure tin tlie modt 
apiiii liiiniiii' a iitlli' nnnv n-iilar. i.iil still \ai\iii;: b.-iw.-cn ll..'»1.1l,2i 
iiuil (l.77!..-,17, llic ti-ii<h'ii<v liriiiK t.i d.Tirasr as Ili<' tin hinvases. I 
Hie el. ■veil li-iiivs nf iinidnli i.f tin- all.ivs niiitaiiiiiig ni.uv tban !Stl )l 
cent, fill, including the bar of pure tin, nine yive mi)diiH Ix-twi-en (■.,7«O,0 
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il 8,000,000, tlie Other two being 8,013,200 and 10,403,101, thus tending 
wrtalilLili tlio inodiiliis of tlifiw- alloys at about 7,500,000 to 8,000,000, 
Mittle nion' tlian lialf tliat of the stroager alloys containing less tlian 
Er cent, of tin. 

[luring the progress of the (•xperimonts which have been describod, 
tiuidii^r of bars of cojiiior witc made in tlie ingot-mold for the purpose 
being liniki'n iiit(> small pii-rt's to facillitate the wi-ighing of the i 
n-sf.ir tlir alloys. Ki'vvnil i.f l!ii-s,> b;irs w,Te trst.-d by li';ii]svi;r8e, 

iiijiaring 
I'M- ti-sta 
iidf'i after the rewrds of the tewtw of the alli.j.s. The following 
s j;iv.' a summaiy of the results, iiieludiug thoueof bara So. 1 and 
a. ;iO, wLieli have aU-eady been given. 
Ill iidilition to these, a test was ma^leofan extra bar of Queensland tin, 
le ret'ord of which is siIho given. TLtr ingot tin from which thi.s tiar 
w i-jwt wajf famished to llu' writiT by llun. An;;iLM >[;iek;iy, eomiois- 
nnw from Qnecnslanil. Ai[!<ir:ili;\, In thi- (.'eiilrmiiiil l':\liihjM(in at 
liiliMlelphia, and was pait nf the <^ieeTis!aiid exhibit. In tin- wuaonary, 
s iwoi'd is compared witli that of tlie itanca tin, bar No. ^!). 
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Table x«.— Analysis o 



Anliinony . . 

Biauiutli 

NickHl 

Cifliult 

Tnogstpu... 
MulylHleniu: 



it will lie observed tluit tlii'r(! is a very conHiUerable (tiSerunce botli in 
rt'UKtli imil diiclilily of iIjo several bars which wereca<4t from the saine 
Hn\, and iiuiliT iu'Liily tlic rtuiiie conditions. The causes of this iliS^- 
if* have not iK-eii iisifrt:iijifd, as the bars wore merely caMtiiiddent^Uy 
iriii^f the mixing ol' thr idloys, and no attempt was made to leai'n ex- 
tly tile L-AuditionH iiiidir which ea«h castiug v/as made. A special in- 
^tgatioii would be ncwlcd before it conld be definitely asserted what 
i» the cAii^e of the ^imhI or the bad qualities of ajiy i)art.ieuliir bar, or how 
*' defeets of any of them nii^ht be remetlie*!. 

Tlie analyses of ham No. 1, No. 30, Uo. 'tti, and No. 57 show that the 
ittlenesH is aa accomitanimeiit of a large [ffircentage of suboxide of 
Jijicr in the bur, tlie jiresenc« of which is probably the proximate uiuae 
tlm brittlcntrss. The analysis of No, 1 showed it to contain 12.086 per 
Tit, milmxide of copper; No. 30, 3.580 iterceut.; No. 53, G.T30 jier cent.; 
1(1 No. .'•;, 1.020 per cent. 
Xo. 1 and No. 53 broke under transverse stress, the former with a de- 
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Scctinn of 2.30fl inches, tlie latter with 1 .38 iudies. All Ihr ullif re l«it 
without hri'akiiip. So, 1 w;is rwawt aevpral liun-s, wliitli iiiij;lit liw» 
hpvit Ilif ciuiMo of its heiuB defci-tivc. but Ni». TiS wiis iif,tirl,v as ilcfwliv*. 
wliilc ii was cast only once. Nti. r».'} and No, 54 were cattt at Hit 
liiiic, iIk- fomipr \wmfx at the lii^r]|(>i- teuiperatiire, a» .iii(I)E«d by tk 
IiiiLiidi r IVoiii its a|>l>i'!ii'aii('c Allien iiuuvt'd. Kii, nr> tiiid No,."" 
»iil>M.(|iicjitlv, and tlii'ii' rrlilivc lriii|H-ialiiri's wcir dftcnni 

nililUICl' dcM'lilrrd iu ln;iliii- 111' lllr ra.'-lillK of tin- -si-COTld SI 



allo.vs. vh/, li,\ iiodiiii;; a |inrli.n, .,1 
Ufiliiij; tlic riM^ of Iciiiin'iatarr ol' a y. 
of uietal ponivd. The following are t 
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vcTi wi-lit of water and ll.e«i'i)[)il ■ 
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No. o6 was SHppoi*cd to ha 
the test showed the fmiiiiT I 
averj' bsul one. TIlc ililfii 
does not seem siiftielrnt to 
casting;. 

No. 31) was cast at an extremely hit;h teniiteratnre, umeh higher thll 
cither of tlie other burs, heinK at a dazKiin}; wliite heat. On )iuiiriiigJ 
Htnall portion inln water in atteiii]>linfr to ulitain the relative lemprt 
ture, » severe explosion tonk iiliicr. and tiiis waa reiieatwl eTtsry tia 
that even a small (!ro|i of the molten nteUd tiaiclied the water. B 
cold inKot moll! «as ilu-n lill,-d uiih tliis ver.v hot nietaL Alter til 
na'lal urmiiiiin^ in the erneilik- hail .sliiod liir sevend ininiites sind liw 
cooled i-uTisidi'r:iIilv, it could be poured into water without oausiug th* 
slinkiest cXlilMsioii'. 

I( liii-lil !"■ siiiipiised that the residf of this easting at n veryhifi 
tcmi" laliiie wnidd be to inaki- lull' N.i.:il)ii bad bar, as this seeniB lO " 
indieated b\ b;irs No. .",:i mid No. .'.t. iuid also by tlie oxiwriineuttt 



a.s it jn'oved lo be, i>iiiial to any o 

No. 57 wa« eiiwt apiKiri-ntlv at ii 

No. ;«>, but it is not kia-un' how 

others. The teat showi'd it to In 

p tensile and tor.'iioaal test: 



.showed (he cent* 

were e-ast. 



ower tliMI 

s telll|»TalMie eiiiii|.:ircd with tllUtof 

icarl.V a,s;;."id a bar a.s No. ;j(1. 
iidicate the >|aalilie.s of the diffvren 
hai-s even more plainly than the transverse tests. The tables expl " 
tliemsel ves Huflicieiitly, 

It will be observed that the tensile testa show a nmcli jn'eat^rd 
ence between the VarM than <lo the tniiisveisi-. Tlie reason of this i8,n 
doubt, that till- li'iisile lest |>ieeo;dH;i,\.sbn'aks at its weakest seetion.nO 
one part of the evIiiidrii-Ml |i"ilion of the jiiece hciii^ subjected to I 
greater stivus than the .itliei.s, whilf in the tran.sver.se tcNt"llie middk 
sevtiou is the danp-roiis wceiion, or position of luiixbauai 'strjdn. BtA 
the bar will usually bivak in the middle. altlioH;.di other poilions luaf 
be weaker, lu defeeli\e bnr.s, Iherclore. Ihr tensile lest a.suidly reven' 
the defeats more plainly than the ha a.s verse test, c.si>eeially if these d 
fe*^ts are unevenly distributed. 
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Tlie cause and tnetlioi] tif prevention of tlie defocts in cast i^oppev yet 

main to !w invest ifra ted. 

Th« bar ijf Qiiwii.'<l;iud (in pi'iivni to be a very };(HHi bar, nlio\vinp a 

mcwliiit ;;ri'iit<'r win'ii;;!!] Iiv tr:ni,s\rcse and torsional tests than tlie 

,r of Hinica tin. I>ilI -a Ics.s ,sliviif,'tli by tension. The tn 

pcn^tli is pro!i:]My lii-ijii' lii.lli .in m-miint of the different methods of 

Ht.thi- h;ii'til" li:iii.M I in iiriiii;; test+*d l)y dead hinds und tliat of Qneens- 

nd till liv tlif pl:Ltt'iiniiM;i!e appamtiis, and on account of a tiaw in ■ 

emiihlh' ..f ihv. r.:iTir:i-lin !iar. 

Thf i-tffiit of slow :nid r.ipid ir.st is shown by both bars in the tensile test. 

le avcnitrc lemtcity nf all ilir pi.'rrs trstnl is ■;iven as 3,l.'iO pounds per 

mare inch, Imt it is innliahlc tliat all iln- |pirri-s would have broken at 

I low as 2,000 pounds if ilie tisl. had brcu of long duratitpn, say one 

nir, or as hi{i;h as 4,000 pounds if each liiat had been made in, say, five 

iniiteH. 

The effect of time is also shown in the antogmphic strain diagrams 

id in the i-ecnnls calcnhifed from them. 

The Queensland tin showed an cxtLaordniary diictilil v iu tfa- ti.rsionaJ 

«ts.o[i,. nf til.. ],\vr,-s mi~liii- lliina-li ail a ii^li' i il' SIS ,|e- ives, ur mope 

ilHi:;! turns lirfiiiv liL^akiii-. TliJs :vpi-..>i.iits ;in i-liiiiuali if :i, line 

riiarlich-s paiiillel lo till- a\is on llu- snifar.^ <.f llic cylindrical portion 
Wi« te.st iiiece from one in(^h to 4.fi7 inehes, 

t 

Tiip folliiwinp table gives a list of at>ont 140 different alloys of eoppe? 
Qii tin, iiiHitdinc all those which have been described in this repoil^ 
>}!Ptbci- with a large nnmber collated from standard anthoritiea, giving 
I'Die i>i' their mechanical and physical properties. The results obtiuned 
y experimenters, whose investigations were sufB<iiently cflmplet© to 
Wiw of such a comparison, are shown graphically in I'latcs XII, XltT. 
SV, XV. 

^^ list' of AUTHOBITIES, 
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Etlio above tablp the fificiirtw of onler of ductility, mallealMlity, hard 
" and ftisibility (see also Plate XV) an- taken from Maliet'tt pxperi- 
8 of 10 alloys,* the fipire ] repi-eseiitiiiy tlie iiiaximiiin 
(1 10 the nuiiiiiiiuii of the pTOperty. The ductility of the brittle metjils 
rqircnented by Ibillet as 0, 
riH.' ivlativediiclility given in the table, of the alloys experimented on 

(lie t>oard, is the pruixirtimiate estencion of thf exterior tibers of the 
res tested by toreion as (Ictermineilliy theantogi-aphie atrain-dia(;cram8. 
M ill be seen that tlie onler of diiL^tilitv differa widely from tliat given 

Mullet. 

riie fifnires of relative liardness, on the authority of Calvert and 
liiison { I'late XV), aiv those obtained by them by means of an iudent- 
; to(»l. The figures are on a scale in which east iron is rated at t,000. 
p word " broke" in this column indicates the fiiet tliat the alloy opimsite 
lifili it o<;e«r8 broke under the indenting tool, showing tliat the n;Utive 
nlnl^ss vould not be measured, but was coniuderably greater than that 
(^ust iron. 

riie fignivs of spe^-ifiii grarity show a fair agreement among Ihr- several 
flmritii-s in the iilloys Containing more tlian 33 prrrcTii, ortin. I'xcept 
>s' '^')vru liy .Miillet, which are in general very miirli Ii.wit rli;ui those 

iijl tlie other iiiilhorities. In the alloys coiitaiiiitjg !e.^s th:m ;15 per 
lit. i>f tin theit! is a wide variation among ail lii.> tlitli'icnr a\iilioritie8, 
ttlet's figures, however, !>eing gi-iiet-ally lnwrr t li:iti t In- ni Iut-;. Several 
the llgupes of siwcific gravity have lic'ii siK'.-l.'il IVuiji Iti.-lir's remdts 
oxpi'riujents on the effects ol'iiuueiiling, ieuiiMring, iiiiil i-iijiiihression, 
lich show that the latter especially tends tn incitiasc the specific gravi^ 
ftU the alloys containing less than 20 per cent, tin to about 8.95. This 
iiilt, as state*! in the discnssion on specittc gravity {page 377), is due 
avly to the elosiug np of the blowholes, and thus diminishing the 
rowty. The speeitic gravity of 8.953 was bbtjilned by Major Wade by 
tting a Hmall tmr in a oold iron mold fi'om the same metal which gave 
i)>odfic gravity of only &.'M3 when east in the form of a small bar in 
Jay moid. The former resnit is exceptionally high, and indieates, the 
i>bability that every eircumstance of the melting, pouring, casting, and 
tVing was favorable to the exelusion of the gas which forms blowholes, 
il to the formation of a perfectly compact metal. 
I'late Xtl gives a eomparison of the tigiu'es of specific gravity ob- 
iied by difiei'ent exjieriinenters. 

The Rgiu«a of tenacity given by Mallet, Muschenbroelc, and Wade 
ri'BWith those found in the exi>erim('nt3 dem^ribeil in this reimrt as 
xwly as coidd be esiM^cted from tlie very variable stj-eugtJis of alloys 
llie name composition which lime been fomid by all exiterimenters. 
Mullet's figure lor copper, 1*4. (i tons or r),'i,liH])ouml8, is certainly much 
I high for iMst copi>er ; the i>iece which he t*isted was probably n>lled 
l>erliaps drawn into wire. Uaswell's Pocket Book gives the foUowiug 
tile tvusile strongth of copper; the names of the authorities are not 
'■eii: 

Pound* poe 

I'lwr, wroncht :(4,000 

l>)HT. rolkd ;M).00« 

l>p"r, ciUtrAiiiBrinaii) ai.aSO 

l>P-r, witw , Bi.aoo 

Pp.r, bolt 36,«)0 

* See aiipeudix. 
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Tlip fl;r"re for ca«t American <;oi)pt>r U pvWcntly taken from tliuci- 
]ieriiin?nt8 of Major Wade. 

Tiic n^iin-s nlit:iinefl by tlio writer fitr alloys of 7.5, 10. and VlJivH 
(■*iit, lin. \ i/. L'T.'.itHt, 2(>,8fi(), mid 'M,IW) pouiidn. are nmcii less tlinubi 
iisiialls ;:Jvcri ^i> i lie strength of ftmi-iiiPtal. ItmiistI«'renu'm1ifn'il,Iiof- 
cvcr. tli:it hr"Ti/r ;:nnR are iimiaily cmhI under tlie iircssiiri- of a tiwlof 
JTiel:t! Ml.i.'li I.'ii.is lo ii.nviis.- tlie slivii;;tli iuiil d.-iisity. The stmi;,'!!! 
of till- iiiij.rr |p:ii'1 iiI' ;i jrtiii (■;i-.tiii-. .ic hiiiUii;: lieiiil, if nut Kirjilw rliM 
tlio.-ii- of 111.' Miiiill l.iiTH \ihi.li li;ivr I..TI1 I.'.slrd in tlii-se cxiHTtim 
The t;il.le .^Ijiavs ihi- li^'mvs ,.f yi:\}.,y \\"ade far ihe niiMii deitsit.r.vwi 
tenmity of a lot of s;i fniiiheadw of one eomiHinition, and of III nf 
another eonipositioti, the fi^nres for tonat^ity bemg ivspectivclj :.fl,6i5 
and -li.tll I poiiiids jht square inch. 

The strength of (;nn hmiiKe, as fonnd in the gtina, is not givKn in UK 
fjihh', whieh m desi^jiu'd to eompare only the vaiioiis authorities ontM 
(enaeiii.s of Hie alloys only, as i^ast under onlinary conditious, audni* 
when ei.iiipi'essL'd, ii>llfil, ov cast under pressure. 

The fidlowinji an' a few <'\tracls which have been mmle from tlwifr 
p<irt of Miyor Wade concerning tiie Btn-ngth and dcnaity of gu» 
bron»e : 

Bronze (pins made at Chiimpec, Mass., 1850. 

KnTlty. ^""^ 

Tin. 1 iHirt T.2a7 8.« 

C„pi<i'v. Ki,ariHCm.^uDof9 8iiu>pluB) afiTS »(,« 

Mi'uu uf h:1 i'uii0 a 731 ..." 

Meau of ri3 giin-liewls - ^533 Sftf 

Extreme viiriiition of sixsamplpstrom different i»art« of thoeamej 
(a;ii:-i"nnid.Tlio«itKer)i Si.ri'ilic irnivity. S.JH? to S..sa5j tenatfitj", " 
to.liMliJ. i'Xiiriii.' \MiJ:iiJniii.fiiII llicsMiii|.Ic.slfsted: HueciUcmv 
8.H(»s to s,s,-.0; ifn:iriiy, LM.His ti. rii..-,:;!. J'Xtivnie variation of all 
8anlph^s I'luin the guu-'huuds: ypecilic jtiavily, 8..'}W8 to 8.75U; 
23Jil!y to 35,484. 

The materials used in all theae castings were of the same (jnalitj ; tfc 
were melted, eaat, and cooled in the same manner, and wei-e deaignedl 
be Himilat'ly treated in all resi>evtij. 

Bronze guns made at Siuth Boston, Main,, 1850 — I2paii>i!lcr homtan 
Composilioti, 10.11 parts tin in lOO. 



The small bars were cast in the same mold as the jrnn and were 
jecterl to the pressure of the ainking liesid. Major Wiwle remarlui 
tlie great superiority of the small bars over the gunlieads may be t 
tribntcd to their cooling rnpirily at llrst. and until they becomesol" 
and to their siilis.><)iienf cin.liii^: hvlu'^ iThirdc.l by the jwljaocnt "liqi 
mass of metal in i)ii' u.'>Ji lii-j<l. 'I'lir b^r i> in ''ontiK't at one end w 
the giiu-heail, ajL<) any t'onli'ai'lion wliii'h jiiay iicciir in it after its suli' 
flcation is supplied by the lii|ni<l metal in the head, with a force diii> 
its mlunin of i)reHsure. This fills all ciivitiea and gives eompu«tn(»8 
the bar. The heat in the massive hejid \vlii<;li .joins the bar i^ntruls W 
prolongs its cooling. Small bai-s, cast in separat* molds, are cool 
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pidi J' from first tolasttantl tlieca^'itii-s formed daring tlieir contraction 
e not siii>plieil ft-om any Mepaisitt soiirtP. To tlieae circuinstjiutsea wa 
list atlribiite tlu-ir inft-rinrity t« the biira cast in tlie {jun -molds. 
'I'lti-ee howitzers, \(>8, 27, li8, and 29, were cast from tlie same liquid 
• 'l;il (MtntaiQed in a crane-ladlL', Ko. 27 was cast wlieu tlie metal was 
llic iiiyliest temx»erature ; No. 28 was caitt fltti'en minutes later ; and 
o. 2[) foarteen minutes alter No. 2S. The following; results were oh- 
jncd: 



\u 


i"B- 


nra ft 


SpMlOcgmrllj- 


Tsniflll.v— 


!i 


OrRnn- 


Or«-lire 
gun. 


Oru>ial1)>ii»o»l 


OTiren- 


01 iioall 


l,r.™t 




SZ: 


grpanle 


nilliti. 




", ' '^ 


H!gh«rt 

ui'iii"'.'.'.:'".' 


l:^> 


RIOJ 


iB 


e.S5* 


a),i*( 


Sttlttt 


31, IM 



In uitstiug anotlier liowitzer, No. ;W), small teat-bars were cast in eep- 
rale inoIdH, one of wliieli was of tmst iixin, to ascertain the effect of 
idcli'n cooliiiR, and the others were of clay, similar to the gun-mold. 
lit; test« of all the samples fivjiu this casting were as follows : 

msHliars OMt sppamtely in inm mnM B.ftW 37,eS8 

millbniflrastRoiianiti'lyin cliiy Tu'ilit 8,3i:t 1:5,781 

liiftll liar ciiMt ill iriiD-iuiilil ata.i R1,7!M 

lnii.lii.|Ml»niiii)lc» H.^iNI :(5.57B 

WIlmI Lowitwt a733 

111 the conclu»ion to his report on gun-hronze Major Wade Bays: 
Tlip peiieral rewilts whieh iins exhibited in this reimrt, ini the qmUitiea 

n.niiizc iL-J tlii'V :iri' riiiiiul in ;iiiii,s -.iw iiiuMtlv i>l';i iiff;jllivi- .-liiiracter. 
'I.'-, cxpi-sr .Irfi'rls i!Mlfi!>ilv Mild Ntivrii:rb. dVvrlnii ilic iirfrM.-i^iioous 
'Mill.' of 111.' iiict:i! ill .lilfnciit p:Lits (.1* tlif s,u,u- -nil. :i[Mt .^iiow the 
nv-iil.,rit,v :iil(1 iiiLi-.Tl:iiiilv i.f (jiLilitv wliii-h iillnn! tlir .Msfin- of all 
;iiu^.a!thoilgli liiiiiki from siniihir iniiteriiils. ticiLl.-.l in !ilii> iiiaiiiK r. The 
•wirtainedfaets wliii'li thiarejiort exhibiis. iilili.iii-:i llir> ivhitcrliiefly 
OPSisting tmiK>rfections in the art of iiiiLiiulhi'tiiiin;; brnii/c, will, it ia 
wlieved, be found iisefiil. Tlicy may wt^ivr ii> iiwiik.'iL Mu- iitlcuiion of 
boso who miiy hencefortii be ci.iiriTiii.l in iiniihii'liiij; (liiM brjiicU of 
m*iiT(>, and to suggest siu-li iiiipiw.^d iii.-llu»ls .if liiMtin;; thr iitateri- 
Is as wilt ultimately raise our fciLiiwl.'iI.'f .if tli.';iri In ;iii .■qiuLJiiv with 
lat xvlii.-li hiiH iH'.-n iittiiiii.'il in tin- nknuifu'tiir.^ ..f inm .■;iiiLj..tj." 
Th:it l!h-sln>ii-lIii.r.inliM;iivonlii;.ii.'i'lii-..h/.r is >slill v.Liiil.!.-. 1 wenty 
Sirs iiftfr M:i\»v \\u<h-'H iv|imiI \\:i^ uiill.'ii. is s}ii.\ml liy fli.- li.H..wing 
coi-ils.if lw.'l\,>t.'«lsm;tilcb.\ tli.> OkIjiilii.'.' l)fi.iLilii..'iit, riiilf.l Mtiltea , 
iivy, nod furiiisli(-.l to the writer by t.'apt.. William N. Ji-llirs, I'liited 
atos Navy, Chief of the Bureau of Ordnance. 
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Navs tirdnancehronze tesitd in 1S75 and 1876 at Wmhuigtoii, D. C. 


















.iMO 


BlSTB 











Cul in oliill DHilit. 



:!l'-"^ 



The (till"'' cast in chill nioliU were roiiiposeil of 10 part* of copper to 
1 i>art of tin ; the others were of 9 parts of «opi>er to ! part of tin. 

That a great improveinent may be nunJf" in tlic ilensity and tennrilj 
of giui-bronze by compression has Iximi slmwn l.\ the ey[ierimpiit» « 
Mr. a. It. l>ejiii,in Boston, Mass., in I.-<ili», ;iiiil !i\ ilmsi-of (ieuenill'cl* 
tins, in Austria,* in 187J. The furnur imnascil die ih^nsiTy oflli( 
metal next the bore of the gnu fnim H.:i'Jl to fS-STr*, imd the leimtf 
from 27,2;(8 t« 41,471 jjonuds per sqiian) iurli. Tlie latter by a " 
proceas obtained the follo\\ing figures for teuaeity: 

Briini!* Willi m percent, tin 7*,! 

Hmnw wiihS ptreont. tin 73.1 

BroiiKe with 6]ierci'uL tin TTj 

Thi' ili'iisity (if (hose specimens is not given, but it probably approadw 
very I'liiMly I" s.liii. It is bclieved that the exjterinients of flenerf 

Uf-liiiiiiis ;lit Hiill in progress. 
Tlif i'\|Hijirii'ii(s of Riche have also shown the uicrease of densitjlll 

<^oiii))rrssiiiiL :i[iil ii'inpering. A translation of his paper on this suhja* 

is irivi'ii ill rlic ;i|i|)cn(i!x. 
'J'Ik' i;ihli' 111' >iiiiii)arison of authorities is by no means complete. S* 

account is taken of a viist iiiiiuIht of iincinit bninze.s, weajmns, rawJ'"" 

coins, and sonorous jiislri\ii\.>iit.-^. uliii-li (ia\c lu>cu dewribtid by \-ari ^^^ 
ilili'ii lt)it litllv ill i-oiri]">sition and pivperlid 
I iiK'tal -W,-u ii) l!ii' tallies, 
uliili' tliiTi- is niiisidcrabte irregularis' in tfc 
aiiiin;; rimri' lliaii 27.'> ]>er <-eut. of tin, tb<( 
■ lii;;l\i'st siiriiL;lli I'oimd by any experimunU 
in! \ aliK-li-ss lor all jiurposes in which str 



writers. These, howcvi' 
fi-oni the ordnanwi anil I 

It will I I.KITVC.I tl.; 

tfiiacitv i.r lli.-all,.vs.n 



i«r.-.iiii 



7;i<;poni.ds, 



II iiasbi-on shown that the n refill nlloys, those which contain lesstb* 
27.5ii(itJL'iiUof tin, have strengths which are nearly proimrtioual to th^ 
densities. A systematic investigation remains yet to Iw made to asWP 
tain the various causes which operatiC to i»rodnce the blow-liolos whA 
are the principal cause of the laok of density, and the means which dIJ 
be taken to prevent the operation of these causes. 
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As Iwfore stated, compression of the metal, either in the fluid state or 
^r it has solidified, increases the density and consequently the strength, 

closing the blow-holes and compressing the gas which the blow-holes 
ntuin. 

[f the formation of the gas which causes these blow-holes can be pre- 
nted, or if it (*an be removed from the metal while the latter is still in 
hiid state, it is evident that the cast metal will be entirely free from 
?m, and a metal of greater density and strength will be obtained 
lich may not need ftiilher comi)ression. 
S^o means has yet been discovered by which this desirable result may 

accomi)lished, but it is not improbable that it may be done by a 
^per system of treatment of the fluid metal, or by the use of fluxes 
dch shall chemically unite with the gas of the blow-holes and prevent 

existence in the gaseous state. The subject oflers a fruitful field for 
periment^ one which it is proposed to explore after concluding the 
searches m progress on castings of coi)per-tin, copper-zinc, and triple 
oys. 
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[First Series.] 

RECORD OF TESTS BY TRANSVERSE STRESS. 

Mbchamcal LAuoBAToiiY, Depaktmknt of E.nginkbbino, Stevens Iabtitutb or Tbcbsologt. 

TABLE XXI.— CAST COPPER. 

Original mark : No. 1. — Material : Copper, cant in hot iron mold. — DinienRioos : Length b^fM 

snppoits, I = 2"^". Breudib. 6 = 0.994". Dvpth, d = I.OIO". 



Load. 


Deflection 

A 


Set. 


Modulus of 
elaHiicity. 

E- ^.^,(P + 4) 
4A6rf^ 


Pound«. 
7 


Inches. 
0.004 
0. UU6 
0. UOU 
0.008 


Ihches. 




12 






SO 






4S0 









0. 0024 




40 


0.010 
0.009 
0.009 
0. OIU 
0.018 
0. 022 
0. 020 




50 






60 






70 






to 






£0 






100 









0.007 




125 


('. 0-.i2 
0. 0.i7 


i:). 24l,(i76 


150 



0.005 


14, e2o, 955 


SOO 


0. 038 
0. 0.'>2 
0.073 

0.085 


U, 9-0, 005 


2*25 




950 




9, 014, 333 





0.010 

"o.oli" 


£75 

u 




300 


0. O'Jb 


8, 063, .318 





0.018 


325 


0.109 







U.0U5 


'•"■*•"•••••■*■** 









Load. 


Dtflcctiou 

A 


Set 


Modolna of 
tlasf ici y. 


Pounds 
:i5o 


400 


450 


SCO 


5,'iO 


550 

too 



coo 

lu 5 lu. 

625 

650 



549 


Jnehes. 
0.183 


Inches. 
0.032' 


7,481.971 


0.154 


6,819,09 


a054 




0.203 


5.813,338 


0.091 
0.'i47'' 




0.S65 


4.943.6^ 


0.348 


4. 135. 055 


0.223 




0.384 
0. 442 

"'6.' 534* 
0. 543 
0. 637 
0.707 




6.'295* 


2.940,095 








8.404,496 


0.578 




8.306 


Broke. 



At 650 ponnds a crack appeared on the nitdn 
Ride of tlie bar. Alter remiiu;; the 8«r, tb« btf 
sank tHpiilly^ uud«-r549 pt>uud«, and broke. 

Bre^k.ui^ load 650 podndn. 

Modulus of rupture, R = *^ -J^, (P4-3)=21,«l. 



TABLE XXIL— ALLOY OF COPPER AND TIN. 

Original mark: N(».2.— Material : Alloy.— Orlsxinal inixturo : 03.1 Cu I 9Sn.— Analy.sis: 97.89 Cn, 1.90 Si. 
Ca t in dry aaud. — DimuuHious: Leii^tli buiweuu Hiipports, 22". Breadth, 1.01 1". Depth, 1.005''. 



5 


0. 00< 1 


10 


0. 1)0-24 


15 


0. (Ui.t9 


20 


0. < 0.M 


30 


00-0 


40 


0. 9.-1 


50 


0.0 12 


61 


0.013 


70 


0.014 


bO 


o.ou; 


90 


0.017 


100 


0. OiO 





- a • • - • 


l2.-> 


m 


175 


041 


2(0 


0. o:)4 







82-1 


0. 0«:*> 


250 


0. ( 92 





• • . • 


275 


0. 124 



0.000 



0. 0095 



0.045 



13, 487, 674 



ll,l.'i3,271 

1 !,:««. 079 

9, 798, 737 



8, 608, 3.')4 
7, 161. 098 



Thf detii'ciinii incroaRed witli lirao, but the test 
\raM eoiitiuued wiih«»ut stoppin/;. 



300 




0. 202 



0.136 



3, 900. 516 



325 
3.->0 


0.297 
0. 3C8 
0.577 




2,'495.'i07 


375 





The deflection increased rapidly with tini«> 

0.537 




400 
42> 

450 
475 
In 3 in. 

.■JOO 
In 10 in 
5-'5 
50 
In 3 m. 
575 



0.836 
1. 120 



1.454 
1.702 
2.053 



2. 108 

2. .'»96 
2,738 

3. 147 
4.305 
4.501 



L017 



1.031 



1,853,455 



m^ 



456, 61i 



Bar bent rapidlj', aud slipped through betwetf 

8U|>pnit.««. ,. 

Breaking load (connidRred to be that wW»» 
canseM a deflection of 3^"), ."VSO pounds. 

Modulus of rupture, R = |- ijj^ (P -f-3)=17,8Ti 
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IRECOKD OF TESTS BY TRANSVEUSE STRESS-Coutiuned. 

[^First series.'] 

iiANUAL Laboratory, Depautmest op Exoiseirixg, Stevens Ix8titlte ok Teciixologt. 

TABLE XXIIL— ALLOY OF COPPER AXD TIN. 

»1 mnrk : No. 3.— Material : Alloy.— Orijtinal mixture: 96.97 Co, 3.73 Sn.— Analyeis: 96.06 Cu, 
3.7(3 So.— DimeusioQS : Length between supporte, "Zif'. Breadth, 1". Depth, 0.99b". 



I) 
I. 
1. 



Dfliection 



Inches. 
0. 0008 
0. 0016 
0. 0032 
0. 0047 
0.007 
0.010 

"o.'oi?"' 

0.0-21 
0. 023 
0.0*26 

"6.63-2 " 
0.041 
0.0.5 
0.051 

"6.054" 
0.060 
0. 0<>9 

"6.677" 
0.0e3 

"6.' 6^5" 

0.095 

o.'ios" 

0. 1*22 

"6.'i24* 
0.138 

"6.158" 

0. lei 

0.229 
0.244 
0. 252 



0. 42ir 
0.441 
0. .'>59 
0.5'?3 





0.268 




0. 287 


J . 


0. :}82 


1. 


<'.4I0 


1 


0.421 



Set. 



Mofluhis of 
elasticity. 



Incites. 



0. 0016 



0. 0€24 



13, 262, 817 

15,862,' 408* 

14,' 986' 447' 
13, 325, 0-25 



i 


13,337,830 


0. 004 








13, 568. 8>^ 




13. 739, 654 


0.066 








13, 035, 420 


0.010 








12, 798, 349 


0.014 








11,063,497 


0.0<5 








10.751,086 


0. 04-2 






8, 936, 754 


' 






0.108 








"** 1 










0.302 










4.275. 193 









Loafl. 



Pounds. 
In 20 m. 
In30ni. 
Ill 40 m. 
In 50 m. 
1 hour 

700 
725 
750 
In 5 m. 
lu 10 m. 
In £0 m. 
In 25 m. 

775 
800 
In 5 ni. 
In 15 m. 

825 
850 
In 5 ni. 
In 45 m. 
15t 45«» 

875 
900 
In 5 m. 
In 15 m. 
In 30 ni. 
In 45 m. 

925 
950 
In 5 lu. 
In 15 ni. 

975 

In 5 m. 

In 10 m. 

1.000 

In 5 m. 

lu 15 m. 

Id 45 in. 



Deflection 

A 



Inches. 
0.601 
0.618 
0.630 
0. 642 
0.650 



0.658 
0.669 
0.701 
0.846 
0.890 
0.913 
0.9-25 



2. :W5 
2.402 
2.586 
2.662 
2.713 
2.98-? 
3.091 
3.118 
3.540 
3.660 
4.102 
7.634 




1.892 


1.929 


2.095 


2.162 


2.256 


2. 319 



Set 



Inches. 



Modulus of 
elAHticity. 

4 A fed* 



E=/;cr«(P-H) 



1 






•■«•■•• 


0. 524 






............1...... 


.............................. 










0.780 






. 


1, 698, 081 




1 
1 


LllO 






1 


i 


1 




1.713 




■ ••«•• aaaMB* 






1, 255, Oil 






••••••. •••••. . 










2.132 






























863,341 




f 





Tray reached bottom of sup- 
ports. 
1,000 pounds. 
3 { 
Modulus of rupture, R= ^ ^^^ (P+3)=3.%2:J2. 



Breaking; load, P: 



JJ. Ex. 98- 



-20 
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RECORD OF TESTS BY TRANSVERSE STRESS— ContiLue^. 

I First series.'} 

Mechanical Labokatout, Depaktmekt of Ekgikeebiko, Stevkxs Ixstitute of Techxoi 

TABLE XXIV.-ALLOY OF COPPER AND TIN. 

Original mark: No. 4.— Material: Allov.— Original mixtare: 92.8 Cn, 7.2 Sii.— DimeoaioDs: 

betwoeu supporu, 23". Breadtb, 0.^97''. Depth, 1.012". 



Load. 



' Dcfiectiuu 



Pounds \ Iiichet. 

6 I 0008 

10 , 0.0016 

20 I 0. 0039 

30 , 0. 007 

40 0. 010 

60 0.013 

80 , 0.017 

100 1 0. 030 



125 I 0.034 

150 I 0. 029 

175 0. 034 

200 0. 041 



225 I 0. 045 

250 , 0. 052 

' 

275 1 0.057 

300 0. 059 



325 0. 063 

350 I 0. 066 

375 ' 0. 072 

400 • 0. 075 



425 0. 079 

450 0. 082 

475 ! 0.087 



500 0. 095 



525 1 0.102 

550 0. 106 



575 0.112 



600 0. 124 



6.50 0. 137 



700 0. 153 



Set. 



Inches. 



Modulna of 
elafitiuity. 



0.000 



0.000 
O.OOOd* 

0.666" 



0.000 



0.0016 

6.6624" 



0. 0032 

6.6655' 
6.6665' 
'6.6*13" 



13. 396, 305 



13, 680, 575 
i2,'8i8,'227' 



12, 583. 801 
16," 274," 439* 



13, 817, 863 
'i3,'877,*197* 



14,263,420 
i 3,677, 484* 
13,464,355" 



12, 548. 648 



Load. 



Pound*. 

750 
800 
i 

„ 850 
ll 900 
' 

I 950 
I; Tn 5 m. 
! 1,000 
In 5 m. 

' 1,050 
' 111 10 m. 
I 1. 100 
MnlOm. 


I; 1. 100 
:l 1,150 
I III 3 ID. 

1,200 ' 
In 10 ra.i 


1.200 I 
I 1,250 
InlOra.! 
InnOm., 
13^ 30™ 
I 

1,250 ; 

1.300 I 
In lOni. 
InSOm.i 

1,350 , 
Iu30in. 



Deflection 



Inches. 

6.173' 
0.199 

"6.* 2.32* 
0.287 

* 6*348" 
0.429 
0.491 
0.584 

"6.626' 
0.7H1 
0.858 
1.031 

"i.653' 
1. 1.55 
1.289 
1.384 
1.824 

"i.'824' 
1. 935 
2.178 
2.281 
2.638 

"2.' 6.19* 
2.746 
2.911 
2.966 
3.226 
6.706 



Set. 



E= 



Modal 
elaatii 



4aW 



Inches. 
0.030 










10, 4( 


0.049 








i 


^.11 


0.116 




t 




1 




5,2i 


, 




, 0.379 

1 ! 


1 

i 




3,3 






6.807 












2.2 


1 

1...... ...... 


L549 


• '.••^« •* 


' 


1 **" 1 


1 




2.343* i!!!!.".*.*!. 


1 1 


i.2i 


1 




1 1 


' 1 



, Tray reached boltoi 
porta. 
Breaking load, P=°l,350 pounds. 

3 I 
Modulus of rupture, I^='2'i;Ti (P+3) = 



ll.t53,945 
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RECORD OF TESTS BY TRANSVERSE STRESS— Continued. 



IFirat series.'] 

MKCIIAMCAL LaUOKATORY, DErAnXMF.KT OF EXOIXEEUIXG, Si EVEN'S IXSTITLTE OK TKCHNOI.OfiY. 

TABLE XXV.— ALLOY OF COPPER AND TIN. 

igiu.almark: No. .V— Material : Bronze.-OHpinal mixture: 90 Cn, 10 Sn.— Analysis: 90.27 Cu. 9.58 
Sii.— Dimensions: Length between supports, 22". Breadth l.OOe". Depib, 0.99:J". 



-oad. 



Dfflpction 

A- 



'indtf. 


Inches. 


i^ 


0. OOOH 


3n 


0. 0063 


40 


0.017 


60 


0.0-20 


^0 


0. 0'-i6 


00 


0.030 


25 


0. 03-2 







50 


0. 034 


!00 


0.043 


tjO 


0. 053 


100 


0.063 







150 


0.079 







lOO 


0.093 







150 


0.100 


m 


0.107 







5.=yo 


0.122 


500 


0.139 







550 


0. 152 







700 



0.171 


750 



"o'm" 


eOO 



0.221 


feSO 



0.256 


)00 



0.30G 


)50 


0.395 


5 m. 


0.41C 

1 



Set. 



Inches. 



Modulus of 
elasticity. 

P 
4A6d3 



E=.;r:7,(P+4) 



0.010 

0.023' 

0.036' 

'6.'054' 

"o'm 

"o'u5 



11,104,794 



9,812,931 



7, 968, GOO 



...... ...... 






9, 350, 764 






0.0024 






12,217,342 




12, 796. 662 




12, 926, 853 




1.3. 015. 713 


0. 0024 


is, 086,* 794 


0.047 






11,717.459 


0.0024 


12,245.963 




12, 705. 206 


0.0047 






12,248,5.^6 " 




11.720.796 


0.010 





Load. 



Deflection 

A 



Set. 



Modulus of 
elasticity. 



Inehfs. 



0.424 
0.467 
0.550 

'6.'595' 
0.693 

6.723 
0.849 
0.951 

'6.'97i' 
1.0.50 
1.085 



Inches. 
0.S02 



0. 321 
0.445' 



5, 798, 983 



3. 507, 489 



0. 072 



1.109 
1. 132 
1.6<»9 
L757 
1.997 
2.239 
2.658 

2.' 683* 

2.979 

3.129 

3.331 

3.447 

4.589 

7.' 534' 



0.817 



Pounds. ; 

1. 
950 
1,000 I 
In 15 m.l 
', 
1,050 I 
lulOra. 
1. 

1,0:0 i 

1.100 
In 10 m.' 
,. 
1,100 I 
1.150 I 
In 5 m. ' 


1.150 I 
1, 200 
In 15 m.l 
1,250 ; 
In 3 m. 
1,300 
In 3 m. 


1,350 
1, 425 
In 3 m. 
1,435 
1,485 
In 3 m. 

, 4.108 

1,485 in I 7.534 Bar bent rapidly till tray 
10 m.' I reached bottom of supports. 

Breaking load, 1,485 pounds. 

3 I 
Modulus of rupture, R="^^^8 (P + 3)= 40.400. 



2, 868, 897 



1, 570, 336 



2.318 



1, 293, 888 



TESTS Of HETALS. 
KECOKD OF TESTS BY TRANSVERSE STHESS-Conliuued. 

ilLlL LlUOIliTdaV, DKrAKTMCNT OF E.WUIKKKrSli. SmviMI IKSTITV'TK OF IKCII OU 

TABLE SXVI.— Al.LOV OF COPPER AND TIX. 

irk: Nn. B.— M»MrI»l; Allny— Orlaio«I miiluro; B^.W Cii. IJ.« Sn.— Amir*':,'; 



Load. 


Dcflwtioii 
cioil 


Set. 


Uodnlui or 
elialldl]'. 


^.| 


Iteflnllon. 


Set. 




r^«u<i. 


/,«***. 


Jo Hv'm: 
000 

In Will. 

•KM 

I.IWO "' 

1.030 1 
pUoiDg 

Br«k 


Infhn. 


ImdiiM. 










S,B1. 






■im- 












0;«1 

(km 

o.m 
















B.T7S.8W 








(kOOK 









0.D3H 


10.B'4,«I 








0;9ii 






o.otm 






CMS 


10. in. ica 

1U.S3^14S 








l.Mt 

I.SUS 






h.am 






COOT 


0.801. AM 

B.41fl.BJfi 








I.OrS 
1.034 






0.0017 






D.1JH 


8.110,011 

1,031. KU 








.......... 






o.ooa 






o.iai 

0.116 


LMLOal 










h« wKlfbt Ml tbe bar. 

uRloul. 1.050 ponnds. 
Uiof tapiQto, R = ^ji 






0.007 






0. J« 


i,an.«s 

0. 138,189 












o.osa 

















i: L»Dg(b betwwil mipporU, 31". Bnndtb. D.tSA". Dxptb. l.DI 



O.IM 

oilM 



ii.ot5.«3a 
i«.4si.««a 

I3,MMiM 





1S.8M.MB 










l«,15S.3M 
















1S,S11,001 










1S,BI1, ITS 


















■"" oora'l 


13,JT»,7Br 


1 














u no, OPT 




























Vi 079,701 




0.0030 


1. 
















lS,«6,f!W 

















am , 
a 184 . 










ItKl 




0.0101 




aim 1" 




















«,« 




0.010 












0.013 












o.*iv ' 
















i%a 






aoos 














ii,ei< 






how 








(00 


asn 1. 


aia- 


11, » 














UK 




0,073 










urn 




0.000 
















-■■J™- 1- 


D. lie 






*,» 






Dd.';n^r 




3!0 
BjlO 

ound 


O.MO 

Broke 10 H'Goi 
flheTTBluhl, 


ui'tinK « 



TESTS OF METALS. 

RECORD OF TK'iTS HV TRANSVERSE .STKF-S3-Ci.iitii 

onToiir, l>EP*nT>nuiT Ol- EsoiSMJUXa, Sievesa Lvkhtlte i 
TABLE XSVIII, -ALLOT OF COPPER AMD TIN. 



IMlMCiDD 


get. 


M<h1u!i» nf 1 


Moiluln. or 


ftdW, 


locto. 


; l>oui<M Inch'i '■ Indut. 


















R3«,059 
































■.(Mn 
(.013 

con 

W.BM 
■ftO» 

U.H« 

US 

B.(IBl 

8.0W 

1.UM 

D.tai 

O.IIM 
















a«», 
























ia.oo(i,iH ,1 Mffi 0. ™ 1 


















I3,«1.W1 








»?S Bwkejo,tMlliBWOl|il 


;^,P+3. = 3J.S10. 












Mrlt: Kr. 


TABLE 

»-M.iterial 


XXrX.-ALLOY OF (COPPER AXD TIN. 


■<: BO.WCn.S0.SS 
Lb, 1'. 



I(I.(IM,0(W 

"iS.'Mi.'rai" 











O.0M 








liruk* j«» 



1 






is.eii.4ii 








lS.lM,Da 


















[.plied. 



l'"-""l "'^ol" "' mptora. R -= — ^.(P+ai-^lB.KK, 



TABLE XXX.-ALLOV OF COPPER ASD TIS. 



w^ 




" 


■ S ! 






RSs 






0.033 


iB.'misi 


KS!S 




ia,9W.I>M 
























•,w» 


■"'■i.-6oi- 


1*,S«.SI8 


weight. ' "" 
«l«d.S7Spoanat 










13. 731. 33a 









401! TESTS OF METALS. ^^^^^H 
RECORD 0|- TESTS BV TRANSVEESE STRESS-Cooliooed. ■ 

llicii*jiic*i. L*no«jiioKv. DErAUTHENT or Enoikkbhino. siKVitXit Ixstmnn of Tkiim^wi 1 

TABLE SSXl,-iLt^V OF COPPER ASD TIN. 1 

Orij.-i>»<liiiiirk: Vo. 11.— Uatnriali Alloy. -Orij[lDal iniilHrv: n-l Cn, K So.— AmI.vMii: <U1 U.MII 1 


Lim4. 


DvH-cllnn 

A 


i)»t. 


Uoduluii of 


La«L 


A 


Sat. 


elWtMtl. ■ 

"ii I 


I'o-ad> 


O.DII 


,«;^. ! 


ii 


/«*■. 


AletM. 


1 








»,%» ■ 




















l^s^l.'M8 












Br«litm(lo*l, IMpeunili. ■ 










n.«a,B« 




0.000 




iLiirk: No 




OilRla^ 


TABLK XXXIL-ALLor OF COPPKH AND TIS. 1 
liPtwoen supiMrt*, a«". arendlh, O.WM". Dsplb. l.OOO". ■ 


« 


oioon 

0.008T 
0.0095 

O.Mt 






-5 




^«„, 1 1 








6,'oa 


•■vi™-| '~'"-J 






8,W4.eM 

ii,Mn,iiey 

0.AXK.M7 

M»oo.a« 
fl,ii«,ii» 














Br™kioKrnart.tinp<™ndiT " ■ 
U«.lnl.iiio(™pti.tr,R = ?^(Pt31 = ll.»l. ■ 














OrlglDB 


mark: No. 

j,naB.-Di 


TADLB XXXIIL-ALLOY OF COl'PBR ASD TIK. 1 




B.inw 

0.0003 


1 


» 1 l-«>g 


















18,010, OBI 



















30 


""'ftOiio'" 


U.83S.I30 


BtnokliiK load, 60 T'lnndn. H 




coon 












■nptHi 


tn»i-ki NX 


TABLE XXSlV.-ALLOr OF COPPRR ASD TIS. 1 
4,-Ual«H(I: AllUT.— OrlElual niliturK: Sl.WCii. 4B.«>Sn.— AoalyilB^ Tfi.'U'l 
udlb, l.iloy'. Depth, D.DSOl". ■ 




0.00» 
0.01S 

"Toia"' 
O.UU 




j 


D.OM 




•-•J 














*,aSL,l3T 














-■■i:^r 


4.Sia,1K 


..."■.7'... -i.wi- 












U,(HO 










s.mMt 


0.017 






O.O0BJ 








0,0M 








0.010 




BnakiDg low). 110 poUDdt. fl 
Modulu.o(™pWp*K = ?^(P + a=J.m ■ 




D,0« 






0.011 










k 

















TESTS OF MKTALS. 
RECOHD OF TESTS BV TRANSVERSE STRESS— Cuulit 

Ntr*L IilHOgATOUV, DtPABTHKItT Of E.tlUNKERL'Kl. STKVENB IinTITI/TR 

TABLE XXXV.~AI.LOT OF COPPER AND TIK. 



■407 





■i*rk: Nn. IS.— Muttriiil r Airojr.— Orlcln* 


pporl- 


fl: 47.1»Cn,!ia.0.1 Sii.-An.l,v.l.L 17.61 Co. 
ase: lln.-*<lili, 0.«W'. Depth, i". 


Dtflntlon 

A 


„. 


UodDllKDf 

aliwricll;. 


Load 






ftoaw 


/ndlM, 




JO 
DO 


latOm. InehM. 










i5.'«M, ioi 










14, 171,77* 








0.000 




Brok^l:i».H-5';;^Vift.r punA »- Ih. 


O.OOTl 








BnaJilnK io..T. ios piWEdft 






11. 030. 130 








__ 













TABLE XXXVI.— ALLOT OF COPPER A 



l<D> 


m.rk\ yo. tfl,-MBlrrl 


h AlloT-OriElnal roiwnrf: «,S3 Cu. M.37Sq.-An»l:f.l-: «.S!Co. 
Lengih iKtween iiuppDrU, 2*". BreailUi, 1". Dapth, O.BM". 


J 


O.00O8 

Is 






liO 

i 


1 






















lfl,«7.9m 














1B.BS3.W0 


Brake ImmedUIel; nTMr pulUng on 




0.000 




ion 




Break ns li^, HO iHmnda. 

Modulu. of niplurB, B = !j j^, {P + 3) -- i.rtS. 








H) 




"■is,M0."i3s"" ■ 











TABLE XXXVU.-ALLOT OF COPPER ASD TIX. 
lurirmciL Llboutokt, Defirtmist of Exui:iEiiuiKa, Stevine InsiiJUTE ov TKCitxaLOOT. 



'Bnno'ni, Ua et Cii', BO.ia Sii. Mcau, 41.3d Cn 
. Bnudih. l.OOJ". UepMi. O.ffiO". 



r>.18 Sii,— Anelrelni Tap, IS 
UlmoDsluDa : Leagtk botwi 



IS 


oooa 






ISO 

100 

170 

190 


0.0.7 












0.0010 










0.0W 

D.0S4 

eiosB 


in,'4ii.4ii 














i8,7Si8ia 




W.41S.400 
















10,089,878 






io, a 14.379 


O.O0M 














so,s*),Ba> 


Breeling welKbt 
Modulneofnipln 


■pplylDB weljht. 




0.000 




018 


W,M1.B81 










1 
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TESTS OF METALS. 



RECORD OF TESTS BY TRANSVERSE STRESS— Continued. 

[ First series. ] 
Mechanical LABouAXOKy. DErAuxMRXT of Exgixeekixg, Stevens I5stitute of Techscl v 

TABLE XXXVIII.-ALLOr OF COPPER AND TIN. 

Original mark: No. 18.— Material : Alloy.— Orijrfnal mixlnre: 39.90 Cn 60.j^ Sn.— Analysis- .^-n 
61.32 Sa. — Dimensioos: Lengib betweeD suppoitM, '^". Breadth, 0.98S". Deptb.'l.OOJ' . 



Load. 



Pounds 
4 

20 
25 
30 
40 
iO 
GO 
70 
80 
90 
100 




Deflection 


Set. 


Mo<1tilaA of 
elasticity. 


Inches. 
0.0008 
0.0032 
0.0039 
0.0047 
0.0087 
0. 0103 
0.U13 
0.016 
0.019 
0.021 
0.023 


IneheM. 


1 








19, 855, 913 












13, 999, 516 








...... ...... ...... 




11, 8U5, 440 1 




1 




12, 074, 300 




0.0008 







VouniU. 
125 
150 
175 
200 


225 


250 



Inches. 
0.028 
0.035 
0.042 
0.047 



0.060 



Set. 



Mwlnlu* o 
elaNticitv. 



\^U 



r.(P- 



Inches. \ 

12.3013>1 

11,3^.4^ 

11,590,14 

0.0016 

I 10,191.55 

0.0039 I 

Broke last as weight was applied. 



Breaking loaa, 250 poands. 

Modulus of rnpture,R= -^ -i-^(P-r3) 

2 ou' 



3 I 



TABLE XXXIX.— ALLOY OF COPPER AND TIN. 

Original mark: No. 19.— Material: Allov.— Original mixture: 31.95 On, 65.05 Sn.— Analysis: M- 
65.80 Su.— Dimensions: Length between supinirUi, 22'. Breadth, 0.991". Depth, 1.U04". 



o 
10 
20 
30 


40 
50 


60 
70 
80 





0.0008 
0.0016 
0.0055 
0.0071 




















0.0008 










10. 696. 444 


0. 0016 














10,617,212 


0.0032 









100 


120 
130 


140 
l.'VO 
IGO 
Brea 





11,041. 


0.0063 






9,65-; 




0.118 






9. 5iS. 




9,506. 



0.025 

"6.633" 
0.036 

"6.'639" 
0.043 
Broke in putting on weight. 
king load, 160 poundn. 

3 2 
Modulus of rapture, R= ^ ft.n^^^''^"*^ 



TABLE XL.-ALLOY OF COPPER AND TIN. 

Original mark: Xo. 20— Material: Alloy.— Original mixture: 28.72 Cn, 71.28 Sn.— Analysis: 23 
73.e0 Sn.— Dimensions: Length between supports, 22". Breadth, 0.990". Depth,' l.tO-,*. 



4 

12 
20 
30 
40 
50 
60 



70 

80 

90 

100 


120 





0.0008 

0.0024 

0.0()39 

0.0055 

0.012 

0.015' 

0.018 



0.023 
0.02H 
0.029 
0.035 



0.044 



0. 0016 



0.0039 

o.'oio" 



9. 982. 8.12 
9. 622, 432 



0. 018, 694 



7, 942, 325 



130 
140 


150 
160 


180 
200 


220 
240 



0.047 
0.051 




0, 075 
0.091 



0.109 
0. 121 





0.014 






7,. 350 


^ 


, 


0.017 










5,991.1 


0.029 







5. d.'^.t. 



Broke 30 seconds after applying wei};ht. 
Breaking load, 240 pounds. 

Moduloa of rupture, R = -| 7;^^+^^ = ' 



TESTS OF METALS. 
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RECORD OF TESTS BY TRANSVERSE STRESS.— Contiuued. 

[First series,'] 

.MCAL L.VBORATOUY, DEPAUTMKNT OF Er«OIXEE«IXG, STKYENS INSTITUTE OF TECIIX0L0«Y. 

TABLE X LI.— ALLOY OF COPPER AND TIN. 

nark: No. "21.— Material: Alloy.— OHgiual mixture: a».38 Cii. 75.fiQ Sn.— Analysis: 2:j.35 Cu, 
iij 8u.— Dimennious: Leugth between supports, 2-2". Breadth, 1.002". Depih, 0.995". 



>eflection 



Inches. 
0.0008 
0. 0032 
0. 0071 
0.0103 
0.0142 
0.0158 
0.023 
0.0-29 
0.035 
0.041 



0.054 
6.006' 



Set. 



^ Modulus of 
elasticity. 



Inches. I 

!.'.'!!I!!! '*"i2,"9i4*205 

I 11,520.262 

10,255,393 

!!!!!!!*.' 9,"849,'i4i 

9,671,241 

6.0647" !!!!!! !!*"".*.*.".! 

7,690.841 

0.0095 , 

o'oifie* !.*.".'.*"!!!'.*.*.'.! 



Load. 


Deflection. 
A 

Inehen. 
0.086 


Set. 
Ineha. 


Modulus f 
elasticity. 


Pounds. 
200 


6, 397, 033 





0.028 


260 


0.142 


5, 013. 747 





0.056 


300 


0.178 
0.230 


4, 605, 751 
4, 150, 805 


350 







0.095 


360 


0.245 
0.269 




370 




3. 749, 438 



Bioke 10 seconds after pnttiu); on weigbt. 
Breaking load, 370 pounds. 

Modulus of rupture, R =-^ ' ^P-f 3) - 12,408. 

2 ha* 



TABLE XLIL— ALLOY OF COPPER AND TIN. 

fark: No. 22.— Material : Alloy.— Original mixture: 21.18 Cn, 78.82 Sn.— Analysis: 20.25 Co 
Gj Sn.— Dimensions: Length between supports, 22". Breadth, 0.9e8". Depth, 1.U05''. 



0. 0008 I 

0. 0047 j 

0. 0079 I 
0.0095 

0.015 ! 

0. 018 I 
0.032 



o.o:» 

'6.613' 

6.'666" 

6.689' 
0.007 
0. 124 



0.0047 
6.6087' 

6.6ii8' 

6.026" 



9, 743, 644 



7, 962, 908 
0, 967, 544 



6, 419, 710 



4. 592, 838 



180 


0.134 


In 5 m. 


0.144 







200 


0.164 


In 10 m. 


0.189 







225 


0.203 


In 15m 


0.243 


250 


0.253 


In 15 ro. 


0.302 







300 : 


0.345 





3, 545, 673 




0.076 




3, 301, 693 




0. 110 












2, 664, 794 




0. 189 






2, 338, 863 



Broke 20 seconds after ))utting on weiglit. 
Breaking load, 300 pounds. 

Modulus of rupture, R« ^ -' (P^3) = 10,019, 
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TESTS OF METALS. 



RECORD OF TESTS BY TRANSVERSE STRESS— Continued. 

I First series.] 

Mechanical Ladouatory, Department of Exoixeeriso, Stevens Ixstttute of Techsologt. 

TABLE XLIII.-ALLOY OF COPPER AND TIN. 

Origtual mark : Nn. 23. —Material : Alloy.— Orif^inal mixtnre: 15.19 Cn, 84.81 Sn.— An vlysis: 15.08 Co. 
S 1.62 So.— Dimeusions : Leoj^tli between supports, 22^'. Breadth, 1.004''. Depto, 0.995". 



Luad. 



Pounds. 
5 
10 
20 
25 
40 
50 


•f.0 

to 


100 


120 
140 
l.\0 

no 

170 
Iu2iii. 

180 
Id I ni. 

190 



Deflection 



Inchen. 
0.0008 
0.0024 
0.0079 
O.OIU 
0.021 
0.027 



0.032 
0.048 



0.071 



a 101 
0.1.13 
0.146 
0.185 
U.206 
0. 221 
0.2r.2 
0.255 
0. 271 



Set. 



Modalnn of 
elasticity. 



Ifichtt. 












7,032,130 








5,383,216 


0.095 








6.020 






3, 942, 637 


0. U32 














2,839.093 






.... . 1 ... .. 
............ 1 ........... . ..... 














Load. 



Pounds. 

Inl m. 
200 

Inl m. 

210 

In 1 m. 
220 
230 
240 
250 

^ 250 

lu 1 m. 



260 

270 



Deflection 

A 

1 


Inehe*. 
0.291 
0.307 
0.335 


a 347 
0.366 
0.394 
0.425 
0.484 
a535 


0.579 1 
0.623 


0.791 
0.858 



Set. 



Indki9. 



Kodnitu of 
elastioity. 





1,788,5«) 


. .......... 


0.238 






1 














1,277,«5 


0l394 






0.500 









859,558 
Broke about 5 seoonds after patting on wttgbL 
Breaking load, 970 pounds. 

3 I 

Modulus of mptnre, Rs^ k^ (^ + 3) =9,00. 



TABLE XLIV.— ALLOY OF COPPER AND TIN. 

Original mark : No. 24.— Material : Allov.— Original mixture: 11.84 Cu, 88.16 Sa.»Ana1yfdK: ll.fiOa. 
88.47 Sn.— Dimensions : Length between supports, 22". Breadth, 0.973". Depth, 0.980". 



6 


0.0008 


20 


0.0055 


25 


0.0071 


30 


0.0095 


40 


0.013 


50 


0.017 


60 


0.022 


75 


0. 0.30 







100 


0.054 







125 


0.089 







140 


0.135 


150 


0.159 







160 


0.191 


170 


0. 219 


ICO 


0.247 







190 




0.294 


200 


0.341 







" 




11.872.6.35 




10. 403. 101 








9, 233, 203 



0.0063 

o.'mV 
"6. 043' ' 



0.097 



0.176 



5, 598, 312 



2, ^15, 341 



1, 738, 934 



Tn 1 m 


0.436 









0.341 




220 


0.5.38 
0.676 
0.778 
0.884 




240 






250 




948,990 


260 









0.747 




270 
Tn 2 m 


0.975 
1.502 
1.597 
1.929 
2.128 
2.562 
2.739 
5.849 






[ _,^. 


280 

Tn d tn 










990 

In 1 m. 

300 








998,740 


In 20 s. 


Bar bent 


rapidly after 30a 



pounds was placed on it, and broke in aboat Vmo- 
onds. Heading of deflection Jost before breanog, 
5.849 iuoheH. 
Breaking load, 300 pounds. 

Modulus of rupture, R=| ^(P+S) -10,706. 



RKCUim 01' TKSTS RV TKAXSVEliSE STHIiSS-Coiiliuued. ^^H 

CiUMCii, LaboratciUV, Detabthkm of Em^xEKnixr., ST£VEita InsTiTtte ot Tioixui.'Vir. ^^^^H 

TABLE XLV.-ALLOY OF COPPER AND TIK. ^^H 

tt murk; No. SX^Mstniil: Allnr— Orlcinal inlilnro: V.T On^ Dn.S Sn.— \[UiLy«ii<: X.Ht Ca. ^^^H 


A 


Sit 


U<ia«ln»o[ 

nlaxtidly. 


Lo«L 


DuaMtion. 


Sot. 


^Sl.a 


a. 

4 n.oons 
IK CLDIXH 

■a D.009S 

ilt O.0IB 

1 o-o* 


'"■»- 




5»1W 1.881 


India. 


■ 












i,9ia.we 






in 




L731 




















""'Oi'oMa' 


4*10. SM 







a.4M 








no fttos 




ss- J 

3>^ i.7at 
s»io-| a.a3i 




^^1 


w C,0« 




o-oie 








» 0.0M 


4.0iS,»8 






8.0W 



100 




i'nt 




IMP CIMS 
Om. IklOC 


iloiMO 








11' «- 4.m 
lg>4S- 4. .MS 






O.OSJ 




190 0.14D 
110 O.HI 


i»i,"aia 














1.100.333 


IM 




iW3 










a. MB 








.10- 0.S57 




Lfft over Bljht md tonnd g 

l>rr»klp([ oanrty 8 inobm. Tiling tHO poimtli re- ^^^H 
luaiiwrt on thK bir Huin UiM SO lioum. BrelktDjc ^^^H 
loid. ISOpouDdi. ^^^H 

ModnltHof raplnre n»-|-^ (P.i-3)»5,W3. ^^H 






LSOS 




IM I.S84 

iiio i.wi 

dm, 1.319 
!*• L*S3 

1 '■"■ 






33I',7Jl 
















H TABLE XLTL— ALLOY OS CO 

Bi mvk^ No. CS— UaierC^: Allor—Oiigiiial mixta 


FEB AND TIK. 


■•■ryiilii.3.T«CD. ^^1 


1". Umdtli. 1.005". Di 


1 .^ 

« 0.0071 






180 

aw 

In»m. 

too 

Inim. 


0.700 




■ 






6.030 








?S 


H3:7W ^H 




10, WT. 67* 
8.BI3.W 








448,'eii ^^1 








i'MRO-i 






(L0063 


1084 




w i 0.6» 




9 1S1 




0.0108 








^ i--i.»I- 








0.0« 




3.S09 




H 0.133 


9.846.501 
3, we, 231 








B.irW>iiripidiy1liltniTtn>oh'<^bJfto'mor ^^H 
a. TnutldnaestloniiboatSlonhH. ^^^H 


0.091 


= .«. 


i,3U.sati 


0.10) 


pndDOM ■ deUectloa ot 3t lnch«J. 910 pound*. ^^H 


iSl lis 


*, 083,103 












[ 




^^ 
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TESTS OF METALS. 



RECORD OF TESTS BY TRANSVERSE STRESS -Con linued. 

I First series.'i 
TABLE XLVIL— ALLOY OF COPPER AND TIN. 

Mechanical Labouatory, Dbpartment of Exginekkixo, Stevexs Ixstitutk of Technoi. v v 

Original mark: Na 27.— Material: Alloy.— Orijjinal mixtnrrt: l.ll Cu, 98.89 Sn.—AoalvMa: 0.:^ 
99.0-j Sn. — Dimeuaions: Length between sapports, 22". Breadth, 1". Depth, I.Uli^ . 



Load. 


Deflection 


Set. 


Modulns of 
ela8ticity. 

E-4AM»(P+^> 


Load. 


Deflection 


Set. 


Modulns ( 
elai«ticitT 


Poundt. 
5 


Inches. 
0.0008 
0.00-24 
0.0087 


Inches. 




hounds. 

100 
In 5 m. 

110 
In5ni. 

120 
In 15 ni. 
In 45 m. 


120i"45» 

120 
niorninj 
bottom 
. Break 

Modn 


IhChCM. 

0.417 


Inches. 


640, .> 


10 






0.521 






20 








0.439 







0.0024 




0.618 




25 


0.011 


€,771,517 


0.680 









0.0032 




0.6-29 




30 


0.014 




0.736 


43i:J 





0.0047 




1.791 






40 


0.021 




2,539 









0.0071 


3,' 649* 983"" 




2.459 




50 


0.038 


3.134 







0.020 




3.078 
Btrain ov« 
found to 
ts. Final 
onnds. 

^'-2W 




60 


0.065 




Left under 
{ the tray was 

of tbe anppor 
Ling load, 120 p 

lus of ruptare, 


»rniffht. aii'l 





0.044 




have r«'a<"h»' 


70 


0.106 
0. ]80 




dellecUou. ' 


80 




1, 198, 637 







0.146 




90 


0.243 
0.306 






Id 5 m. 






(P-f3). 3.J 





0.2G9 







TABLE XLVIIL-ALLOY OF COPPER AND TIN. 

Oiiginal murk: No. 28.— Material : Alloy —Original mixture: 0.557 Cu. 99.44.1 Sn.— Analysis: 0! 
99.46 Su.— Dimensions: Length between Hupports, 22''. Breadth, 0.989". Depth. 1. 



3 


0.0008 


10 


0.0024 


20 


0.0055 


25 


0.0063 


30 


0.0079 


40 


0. 0126 


50 


0.019 







60 


0.027 







70 


0.037 







80 


0.047 







90 


0.067 







100 


0.083 


Id 5 m. 


0.161 


In 10 m. 


0.199 


Id 40 m. 


0.295 







100 


0.311 


110 


0.323 


In 5 m. 


a406 

















12, .389, HI 
11 .^83.387 






9. 39r, 659 


i 


7, 649, 833 


0. 0039 






0.0079 








0. 014 






4, 810, 533 


I 0.021 






0.034 


"3, 372,' 617 














0.2C0 






...... ...••. 


924, 227 











U*" 5"". 


1. 945 







1.896 


no 


1. 965 
2.004 
2.138 
2.248 
' 2. 378 
2.626 




In 20 m. 




Ih .•)0'». 
In 3 h. 






4h 25«, 







"*2.'579 


110 

120 

In 5 m. 


2.634 

2. 6.'W 

2.-01 

3.327 

3.366 

3.437 
1 3. 787 

Left under 
g the tray wa 
Total detlectii 
king load, 130 






I'' 4.'»». 




130 




In 5 m. 




In 35 m 




130 
morniu 
port. 

Brea 


strain overnight, ao<l 
iH found to have reach • 
[)n,8.1U". 
pounds. 



3 I 



Modulus of rupture, R -- ., . ., (P + 3) 



^^" TESTS OF METALS. 413 ^^M 
RECORD UF TEST3 IIV TKAN8VERSE STRESS— Contirioetl. ^^M 

' TABLE XUX—BAR OF CAST TIN'. ^^M 

iUiiiitk:!Ii>. VI,— Material t Banoa tin, raat In Iron aoM.— Dlni'oiloui; Leujtb belweeo aap- ^^H 
puita.aa". Itrudib. 0,9gj". D.-ptl.. i.Mi". ^^M 


i 


claaUclty. 


.«. 




1 ""S^ 


liifKtt 




JUHHdt 

SAIoS- 

lalDm 
DO 

90". 10-. 

100 

lualra. 

110 


a»4' 


i>^. 1- ^H 








aws 










0.!H0 
0.840 

o,so« 

I.1W 

""lmo" 
i.dM 

ttlM 








8.iiH,rae 












B. liases 

e. on, 908 








1.1SS 












ftoosa .. 








S.S8S.10T 






ioas 














....•■.":f.j- 


■■iaiT.Me"'* 






Br«akinHlMid,110p<."nZ." "''''*^"" ^^1 






"" 




B,Tso,(ea 


0,013 |.. 


■"» 








sarjb 




i.'(iii,T3i 

taroilendlns 


aaderalleaf 
tb. 


TABLE L._fiAR OF CAS COPPKIt. ^^| 
■IlUMk. Sn.Wl,-MateHal: Uk- Sdpwiw rnpnT, riiBt in mid Ir-n mold, PMired very h«t.- ^H 


I>efl»Ui» 


Set. 1 


Mod III u> uf 


1 
L<»,d. 1 »«fi«tl<« ■ g^ 


llodolua ot ^^1 


1 AuAa*. 


i«A«. 


PmnOi. Inehei. 


/»C«H. 


■ 






ere LM 

1:10 1.03 

»M S.N 
OW S.§3 

m 3.00 










».e5i.3ra 

ioi«n,«ia 




'*^""" ■ 
















L fl «* 








8.»» (.. 










8,910,400 
T.««7,BS3 




... 








•xdld auiiporla 00 lochea apart, and appllad I.ISO 
poqoda, whloli EafeadcHrctiodoriieirlyflliiobea. 
Stored thB .tipperu m 10 lecbea apart aari applied 
3.000 pi.uDda, vhen [be bur broke after a dedecUon 

" Bn^klDg load, eoo poanda. ^H 

ModulaaafraptDre.B^^ I], = ^-^*^ ^^| 

am tbc applie.1 «<^luht* pin* one-half the weiRbt uf ^H 
■hebarlietwwiitha nupporU. TlieuaJe-beamwu ^^^| 
halaorell m ai la read 3 puunda lor aocbalf Ibe ^^M 
weigh t uf bar brCweeo inppar tn) wtien Ibn bar waa ^^M 
In poallloD. bcfere aay pnuanre wiia appllsd (o It. ^^| 










j,iie,eor 










a,38i,9ifl 1 










3,7ll,*KI 1 


















1.B70.S74 










1.41(I,0Sg 










L 
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TESTS OF METALS. 



RECORD OF TESTS BY TENSILE STRESS. 



[_ First series.] 

MECHAXICAL LaUOKATOBY. DRPAKTUBXT of EnOINRRKINC., STKVKVft IXSTITUTB OF Techxoloct. 

TABLE LL— CAST COPPER. 
Orij^oal mark: No. 1 A.— Material: Cast copper.— Dlmensioati: Length, 6". Diameter, 0.79f. 



Load. 



Load per 
sqnare 
inch. 



Pounds Pmtndit. Inches. 

5.900 11,800 0.01 

6, 8*25 13. 650 0. 03 

7.090 14.180 0.03 

Broke i inch from end marked 



Elonjration 
in 3 inches. 



Elonj^ation in 
partR of orig- 
inal length. 



.00-20 
.0060 



Diameter of fractured seotion, 0.790 inch. 

Several blowhulee in aection ; eetimated aret d 
blowholes, 0.053 square inch. 

Tenacity per square inch original section, HI^ 
pounds. 

Tenacity per sqnare inch, dednctiog blowhotei, 
15,805 pounds. 

Tenacity per sqnare inch in fractured sectka. 
14,464 pounds. 



C. 



TABLE LIL-CAST COPPER. 
Original mark : No. 1 B— Material : Cast copper.— Dimensions: Length, 6"'. Diameter, 9.T9e"- 



Load. 



Load per 
square 
inch. 



Elongation 
in 5.99 
inches. 



Pounds Pounds. Inches. 
4.550 9,100 O.Ol .0017 

5,670 11,340 0.02 .0033 

Broke about 20 seconds after strain was applied 

i inch from B end. 



Elongation in 
parts of orig- 
inal length. 



. Diameter of fractured section. 0.79S inrb. 

Estimated area of bloirholes in section, O.OST) 
square inch. 

Tenacity per sqnare inch in original •ectwu, 
11.340 ponnuH. 

Tenacity per square inch, dedncting blowholes, 
12,814 pounus. 

Tenacity per sqnare inch in fraotared iwtlon. 
11,509 pounds. 



TABLE LIT— ALLOY OF COPPER AND TIN. 

Original mark : No. 3 A.— Material : Alloy. — Original mixture: 98.1 Cu, 1.9 Sn. — Analysis: 9T.93 Cn 

1.88 Su.— DimensiouH : Length, 5". Diameter, 0.798^'. 



Load. 



J^nunds 
4,310 

:., no 

5,390 

5,700 

6.350 



6,800 

7,250 

7.570 

^SOO 

p,9H0 

9.450 

10,000 

10.800 



Load per 
square 
inch. 



13,600 
U.-^OO 
15. 140 

16. 600 

17, 9-20 
18,900 
20.000 
21. 600 



Elongation Elongation in 
in 4.9e ; parts of origi- 
inche8. j nal length. 



Load. 



Pounds. 


Inches, i 




8. (520 


0.01 , 


.0020 


10,220 


0.02 


. 0040 


10,780 


0.03 


.0060 


11, 400 


0.04 


. 0(»80 


12, 700 


0.06 , 
Sot 0.05 L... 


.0120 



Poitnds 
11,600 
12,000 
12, 600 
Broke 



Load per 
square 
inch. 



Elongation 
in 4.98 
inches. 



Pounds. 
•£l. 200 
24.000 
25,200 

at A end. 



Indhes. 
0.56 
0.62 
0.78 



Elongation in 
parts of origi- 
nal length. 



.1125 
.1245 
AX6 



0.08 
0. 11 
0.14 
0.22 
0. 27 
0.31 
0.38 
0.49 



.0160 
.0220 
. 0281 
. 0442 
. 0542 
. 0*12 J 
. 0763 
. 0984 



At 10,800 the elongation was obserred to increase 
with time. 

Diameter of fractured section, 0.730 inch. 

A large number of blowholes in the fr«rtnr« 
seotion, but thoir size was too small to be mewnrw* 

Tenacity per square inch original aection, 
25,200 pniindH. 

Tenacitv por square inch tractnred wftlw. 
30,104 i)oun(la. 



TESTS OP METALS. 

RECORD OF TESTS HY TENSILE 8l"nESS-Co.ill.iii«it. 

[Fi.«(«rM..] 
tL Laboiutori, DirAEtTMiutT ov ExuiMiHutii. I^rxvuia Instititi OV TICIINa 
TABLE LIT.— ALLOr OF C'OE'l'Elt AND TIN, 

,e Sa.— AuBljalii tl!. 



Ehmjfftlon <d 
purw or crlal- 
ml ImiUi. 



/^rufidt, Pmmdt. 



liiriHl KoilDD, nUliilluiI illiiiwUiM D.TII nr 



nf lliBMicfiiiiefnHi, 



Taiui4lLy per •nure Ineli ot orliltial •hIIds, 
M,fm(i pnuu*r 

Ttinmittv iRjr ■nuire tuvli, ilmluciClDa blowJiul*. 
Vt.M poutKti. 

nniuily tier Kiiiani lucb lu rt*atutail •Mtlau, 



I 



TABLE L v.— ALLOY OF 

.— Malartkh Al 
».7| en.— Uiint 



Low! prr 


Blanenllmi 
lueC.ub«. 










o.ai 




















































... 



Eldngiktkin In 
parliufoTlgl' 

tml langUi. 



AND TIK. 



^5 nfr. »""«•""" 



ZlaDRallitD tn j 
pari* it srlfi' 



nm>IIPf 



<)n» bliiwbuU m «<jUX . , , . 

tluiiDKh sbuul 1 laihin gf lla Inftb. 
bJowbol* U riHlund Hsilm. U^a *>iu(» ii»ii. 

T«wltx iwr xiuu* la>:b orl^lMl •kUvu, M.lM 

^T^Hilr pw •qunt lock, dlduati*! bUmbal*, 



TniatU; |m hi 



TABLE LVL-ALLUT OF COtTZK ASU TU(. 



•.«.««r d 




4\6 



TKSTS OF METALS. 



RECORD OF TESTS BY TENSILE STRESS -CoDtinned. 

{_ First 8(rie8.'] 

MiaiiAXiCAL LAnoKATORY, Depautmext of Exgikeerln'g, Stevens Ixstitltk of Tlcbk 

TABLE LVII.— ALLOY OF COPPER AND TIN. 

Orij^iual mark: No. 4 A.— Material: Alloy. — Original mixtare: 9S^ Cq, 7.9 Sn.— Aoalyfit. 

7.p4 Su.— DimeDHi'ons: Length, 5". Diameter, 0,798". 



Load. 



^'^ P«^ Eloniration Elongation in 
?anare i^5>cUee. part«oforigi. il Load. 



inch. 



Pounds. Pound t. 



Inchen. 



5,100 


10.300 


8,000 


16.000 


10,000 


20,000 


10,760 


21, .V20 


11,410 



22,620 


11,900 


23,800 


12,800 


25,600 


1.1, HO 


2«,280 


14.000 


28,000 



Set 



0.01 
0.02 
0.03 
0.O5 
0.09 
0.08 
0.11 
0.14 
0.21 
0.27 



ual length. 



.0020 
.0040 
.0060 
.0100 
.0180 



Load per 
aqnare 
inch. 



Elommtioo;^ 

Bftll 



in 5 inches. 



I 



.0-i20 

.y2'0 

.0420 
.0540 



Pounds.' Pound*. Ineket. 
14,610 , S9,»20 0.37 

14.650 29.300 a38 

Broke 1^ inches from C end. 

Diameler of IraoturMl aectioD, 0.738 
blowholfm. 

Tenacity per sqoAre inch of ori^ 
29.300 poiindti. 

Tenacity per square inch in fractal 
35,012 poauda. 



TABLE LVIIL— ALLOY OF COPPER AND TIN. 

Original mark : No. 4 B.— Material: Alloy.— Original mixtnre: 92.8 On, 7.9 Sn.— Dimensioi 

5i". Diameter, 0.798". 



Load. 



Pounds. 
0,000 
10,000 
11.000 
11,700 
12,000 

12,500 
13.680 
13,^190 



Load per 
aqnare 
inch. 



Pounds. 
16.000 
20,000 
22,000 
23,400 
24,000 

'"'*25,'o66 
27,360 
27,780 



Elongation 
in 5.23 
inches. 



Inches. 
0.01 
0.02 
0.03 
0.05 
0.07 
0.06 
0.09 
0.16 
0.17 



Set 



Elongation in 
part 8 of origi- 
nal length. 



.0019 

.oo:w 

.0037 
.0096 
.0034 



Broke 1} inches from D end. 

Diameter of fractured section, 0.77 
blowholes. 

Tenacity per square inch of origi 
27.780 pounds. 

Tenacity nor square inch in fracta 
32.5.'>9 pounds. 



.0172 
.0306 
. 0325 



TABLE LIX.-ALLOY OF COPPER AND TIN. 

Original mark: No. 5 A.— Material: Alloy.— Original mixture: 90 Cn, 10 Sn.— Analytifl 

9.66Sn— DimcnsionB: Length, 3.4". Diameter: 0.798". 



l<oad. 



Load per 
minare 
iuob. 



Pounds. 


Pounds. 


4,700 


9.400 


7,640 


15,280 


12.340 


24. ^I^-O 


12,760 


25.520 


13,260 


26, .ViO 


13,360 


26, 7.10 


Original 


mark: No. 



Elongation ' Elongation in 



in 3.4 
inches. 



Inches. 
0.01 
0.02 
0.06 
0. !0 
0.13 
0.14 



part« of rrl^i- 
Dill length. 



0029 
OO.*)?) 
017(5 
0294 
0:'84 
0412 



Broke 1} inches fh>m C end. 
Diameter of fractured section, 0.743 
A few very small blowholes. 
Tenacity per square inch in origl 



26 7vO pounds. 

Tenacity per 
30,649 pounds. 



square inch in fractn 



TABLE LX.— ALLOY OF COPPER AND TIN. 

5 B. -Material: Alloy.— Original mixture: 90 Cu, 10 Sn.— Analvai.<« 
9..^Sn.— Dimensions: Length. 3.45". Diameter: 0.79«". 





Load per 


Load. 


square 




inch. 


Pounds. 


Pounds. 


8,22<I 


16. 440 


10,:«M) 


20. 600 


ll.(»75 


22,150 


12,000 


24,000 


12,680 


95,360 







13,250 


26,.'i00 


13,500 


27,000 



Elongation ' Elongation in 
in .1. 45 , psrts of (»rig- 
inches. \ inal length. 



!l 



t 



Inchnft. 
0.01 
0.03 
0.06 
0.07 
0.09 

Set 0. 08 
0. 11 



.00=29 
.00n7 
.0174 
. 0203 
.0261 



Broke at B end. 

Diameter of fractured section, O.T6i 
blowholes. 

Tenacity per square inch in orisJi 
27,000 pounds. 

Teiiac'tv per square inch in fractn 
29,761 pom»d.H. 



.0319 



TESTS OF METALS. 417 

RECORD OF TEf»T.S BY TEVSILE STRESS— C mil in mil. 
( FirtI irrim. ] 

SLuCjIL LiHOBATOllT. DbPAHTMRBT dp ETInl\-ERHCSll, STEVESB INSTITITII (1» TKCBHOIAiIT, 

TABLE LSI—ALLOr OF COPVKR AND TIN. 
;: Mo-SA— Murrlat: AlJar.-OrlKitia* miilnrv; StkSTCn.ia 43 Sn,— Anftlyila< n.iaCu, 



llioad per i EldDKHtiiin 
■q'lars I Id iST 



l.eiiHtb.ll"' IMnmoUr: I 



Elonentlon Id 
p.fW of otigl. , 



I O.M liiBh dliai. 



Teniultj iwr squnrs inch orlnlnu 



witj per li 



TABLE LXn.— ALLOY OF COPPBR ASO TIW. 



BUk: So. 


B.-M.t«ri 


.1: AlloT— Oriein 


l[>b, H". DI«BBl«r 


ia.«SB,-A 


n«Ir>l<' fT.ISOn. 


UmA per 


sr£ 


EloDiatioD in 
varUet oriBl- 


lLo«.p.r 
LiNtd. 1 miiiarg 

1 '■"'■ 


STffS 


B1»p(Mlmi II. 
purttof drill- 
ail iMBtt. 


11 
...F_. 

SB, on) 


AN 

0.03 

0.11 

Bxan 


- ioow 

.OOM 

.ni») 
lotM 


IS. »« ai, IM 

IS.IHW 3i,000 




!t4M 


Broka 1 loch fran 


oml nMtlftii, O.m liioh, Ko 


.Baa 


T-ojieltr pn-K|«An luLnliiliul ■HtiOB.a.iail 
punnrin. 

pgDDda. 
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TABLl 
A.-M»Uri 


LXm—ALLOT 

■f: Anq;.— (MelD 


0? COPIWI AXI) TU». 
diDliton: MCB.80in-A»«l»il.^ ■•WCu, Lt.M 
tli.e". DlMMin-. 0.W1.-. 


(0.1DO 




1 :!S 

»<Dlddl». 




in liHh mlK 


liuiint blinrbol* 



TABL£ LXtT.-AIX<n (IT COflfElt AXU TtX. 
ta — Uh 



iif»^— iJfc ^ J fwU n 
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TESTS OF METALS. 
HECORD OF TKt-Tfi BY TEKSILE STKKSr 



UICIIUdCAL LlHOIUTOHt, DK[-AKTHEXT OF KKQINUHUia, ijKVJUH IXBItTUU I 

TABLE I.XV1.-ALL0T OF CQVPEH AKD TIN. - 

]tlglti»lDiiirk'. Ni>.^B.'Uiiti>rti<l: Alluy.— Ortulna) mlitara: 1«.39 Ca. sa.iM8ii.— Aml^ilii liXCi 
£t.S3KD^DiiDei>«l»)i*: I^tiKth. 41"- Dlwuattr. D.IM". 



Hriili» m 11 710 jmnniln. ) fnoh (Vnra D odiI. 
Kg ekmSBtloii itiil oonldbe dmecled. 


TemcItT per (qiure Inch t>rl|li«l»Wtl»,KO 
pounil*, 


TABLK LXTII-ALLOT OF COPPEK ASD TIX. 

Cirigln.1 anik: Xn,»A,-M.tffl1.1: AIIoj.-Oriti..»l inirtnre. TO Cn. 30 Sp.-AMljd.. «*», 



of tbe imiillv mmiliiUF. tr ilia *Uay «u 



MinihP A oiiilof rhtWnirfpBt 
ir n-adhitwl aerUnn.llHbiU* 

oilon rnciuml, pm winui t«* 

r oiroular s«tlaii (imhnkni. ».U> 



TABLE LXVm— ALLOT OF COPPER AND TIN. 



TflKftcity per »qDar« iDcb. A, 



TABLK I,XIS.-Al.tOY OF COPPER ADD TIN. 



SUppnf frciih 
0. ^ nird 71 






ID Irslad fiirtliDr ii 



I. RtibIA Bnu.. PhlUilit 
> ICBtiid II. and r»|KirIi!.1 ila •tnillftll ■> 
Bd* pnraquni ioeli. 
'Duacily per aqiiare loch, l,^iQ poiiDiU. 



TABLE LXS, -ALLOT OF COPPER AXD TIN 

UA.—Mati'rliil: Allny.— OrlEiral tnlKtnre^ <U Cii. »S Si 

84,47 So.— IllinomliBH : Loiinth. 1". Dtaaaicr, 0.974". 



.— u 


nilddlp. at 


T70poi.nfl,. 




Taiiaolty p«r 


«lBaw lucb 


^»I«p«l>.Ja 


OrigliuU niiu-k, No. l 


TABLK LXXI, 
B,— ilaterUI : Al 
34.«7 SD.-Dlruvn 


-ALLOY OK COPPER AND TIN. 
A- — Urljiiiial mlst.im: S.1 Cu. Si an.—Anal;^: HM 

aiiiiii: LuDKtli. 1", DiaiucKi.0.gT5". 


1.880 udt,17:ipuuBai>. 

Bmkf at 3.l)& ponuilt.in Ui» |iiirj>. ) 
D eel. hikI III tl.» aqua™ port.gn -t th.. ■ 


at ].5«0, 
nchrmui 


Tmaellj of f 

Teiaeliv of 
pnnniUjilin. 


raelmwl »«iiua permoini 


Origii-alo 


atk: No. II 


TABLK LXXII 

A.-MaWrtal! Al 

annular amltod.O.n 


-ALLOY OF COPPKB i 

.v.-0rl,!inalintili.r=;(ll.7 
»S"al.(HM". (Tiki hrtlllB t. 


KD TIN. 

Ca,38.aiS 





The iilKK IQA broke io bnndlliig luu implwDK 

Tbfan van tnmt In Meaira. Blhhlii Brnn , Pbila 
d»lpblR, who rrporlecl tbett lEnaplij- in bv— 
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TESTS OP METALS. 



RECORD OF TESTS BY TENSILE STRESS— Continned. 



IFirH series.'] 

Mechanical Laboratory, Depaktmbxt of E.voixkerino, Strybks IxsnTim of Techholoot. 

TABLE LXXXI.— ALLOY OF COPPER AND TIN. 

Original mark : Ko. 17 A— Material: Alloy.— Original mixture: 41.74 Cn, 58.96 Sn.— Analysis: 45i3 Co. 

53.80 Sn. - Dimensiona : Length, 6'^ Diameter, 0.79tj". 



Broke at 1,130 pounds i inch from A end. 
No elongation detected. 



Tenacity per square inch, 3,260 pounds. 



TABLE LXXXIL— ALLOY OF COPPER AND TIN. 

Original mark : No. 17B^Material : Alloy -Original mixture : 41.74 Cn, 58.96 Sn.— Analysis: 3&e3(X 

60.79 Sn.— Dimenaiors : Length, 6"'. Diameter, 0.798". 



Broke at 2.780 ponndb i inch f^om B end. 
No elongation. 



Tenacity per square inch, 5,560 pounds. 



TABLE LXXXin— ALLOY OF COPPER AND TIN. 

Original mark : Na 18 A.— Material : Alloy.— Original mixture: 39.20 Cn, 60.80 Sn.— Analysis (NalBO: 

38.37 Cu, 61.32 Sn.-DimensiouB: Length, 6". Diameter, 0.798". 




Broke in the tensile-machine before strain was 
applied, with the weight of the piston and attach- 
uieuts, about 100 pounds. 



TABLE LXXXIV.— ALLOY OF COPPER AND TIN. 

Original mark: Na 18 B. -Material: A Hoy. -Analysis (No. 18 C), 38.37 Cu. 61..T2 Sn.-Diiiiciwi«i»: 

Length, G". Diameter, 0.798". 



Brokn at 1.410 ponud.'* 2| lochps from B cud. 
Ellipticul-Hbaped blowhole in fractured surface. 
Area, 0.12 square inch. 



Tenacity per square inch. 9.820 pounds. 
Tenacity pef square inch, deducting blowhole, 
3,711 i>ouiidd. 



TABLE LXXXV.— ALLOY OF COPPER AND TIN. 

Original mark: No. 19 A.— Material: Alloy.— Original mixture: 34.95 Cu, 65.05 Sn.— Analysis (Xo-WC): 

34.22 Cu, «.').80 t«u.— DimenRions : Length, 6". Diameter, 0.798". 



Brokr) I inch from A end in the same manner 
as No. 18 A. 



..Tenacity, doubtful. 



TABLE LXXXVL— ALLOY OF COPPER AND TIN. 

Original mark: No. 19 B.— Material : Allov.— Analvsis (No. 19C): 34.22 Cu, 65.80 Sn.— DimeDfiio""- 

Length. 6". Diameter, 0.71H>". 



Broke 1 inch from D end at 1,690 pounds. 



Tenacity i>er square inch, 3,371 pounds. 



TABLE LXXXVIL-ALLOY OF COPPER AND TIN. 

Original mark : No. 20 A —Material : Alloy.— Original mixture : 38,72 Cu, 71.98 Sn —Analysis, 36.'ilCa, 

73.08 Sn —Dimensions : Length, 0". Diameter, 0.799". 



Broke at 900 pounds 2 inches from C end. 



Tenacity per sqhare inch, 1,795 pounds. 



TABLE LXXXVIIL-ALLOY OF COPPER AND TIN. 

Original mark: No. 20 B.— Material : Alloy. -Original mixture: 28.72 Cu, 71.28 Sn.— Analysis, 25.18C0, 

74.51 So.- DimeuHlons: Leu^tli, 6". Diameter, 0.79S". 



Broke at 730 pounds at D end. 



Tenacity per square inch, 1,500 ponods. 




TESTS OF METALS 
HECORD OF TFSTS BV TENSILE STHESH— C.uittniml. 

iFinl Hrrim.] 
LtDoajtinai, OKrAHTitEiiT or EKutBuaiKa, 8tivs.ib Ubtitutk or Ticnxoioat. 
TABI.B LXXXIX-ALLOlf OF C0PP2K AND TIN. 

».S8Cii, T3KjSn— AoalyiU^ alMCv, .1 
>n, 0.M7" t l.iWl". ■ 



The blowhnlo u Lbn muluri'i) >iirriiiin via nllty. J 
lli-ul In Hctlon. newiirlnc 0,31 1 O.lilnoli In d'"*- * 

Tbe dliMnwaorlbe Mian of Ihu bi>I(i IVtim Ibv 1 
Lwn ncnreir eHftu ot iho fyaDdirod aurhgo ' 



9ijna WHrn Ibenutire loh of ibe otlfiia^ 

n A hruiiB nt 6.300 i»qdi)i It Innbei from C 

FvQiioity p«r h|turc Inob of total oriifiutl »c- 



lUpllul. ArtA. u.lMl'S iaflh. P«iii 



TBBiiDlty per MiDue Inoh uf in«ul MlaaJlf tru- 
TmuU.v prr (qurs inob of tolal orlglDftl •«<• 



TABLE XC1.-ALLOT OF CoVpER AND TIM. 



Cu.Tll.ai^ii.— Dim 



: J>i>Kth, C". Dlametvt 



Jl.ia Cn, 7«.a'l Sn.— AiiKlyaiii 



Tiuullj' per iqaaro Id 



TABLE XUIL— ALLOY OF COPPKR AND TIN. 
itiaitmi nilUure: ■iV.IDCa.lS.nf 
■ : Loogtb. 6". DUroslor, O-TOB". 



poon-lii I loch fn 



Tenaeilj p«r aqfura Inoh. S.SM poawU. 



TABLE XCnL-ALLOT OP COPPBB AND TIN. 



-. No.nA.— UaUrlil 



alurlal; Allov.— OrtalBal mil 
»n.— [Ilmsatloni : Lon|{tb. 6 



ilftb. 6". DlsniPtor. O.TW. 



»l 8d.— Audjila. U.iaCa, 



It Si."} poandt ^ Inch from C euiL 



Totulli partciasrvliKib, SW ponorli- 



ts B— Uatorial : Allor.— OMglruJntdnrxi lS.I9Ca.M.n Sn—Autlnli. U 
M.n&i.— Diuimiioiu: Lmglb.a". ULmKict, ATM". 



KlostntloD to 



GT^OI 



TESTS OF METALS. 
KECOHD OF TESTS BY TENSILE STRESS— Con tiinHMl. 

[fir.(«Tfe..] 

:hiIK]C.il LuiOBiTOHY, Dbpihthext or KiinnESniNO. SnvssH Ikititute or TscKMMCi. 

TABLE XCr.-ALLOY OF COPPEK AND TIK. 

ll mark^ !Ia.9l A.— UaMrlal; Alloj^Orieiual tulxtnn: ll.S4Cii, 89.16 So— Adi1]WI: llffCI, 
sa.-tl Sn.— DiiueBiiltnii: Lenetb, B". Dlameler. 0.19'^'. 



imdi. luaipolwiu [^[ iBHiilli. 



Pounds. Incka^ 



Ttnitmiy pur Mj^iAro laah aiii*fiiiil •M41M1, ih0 
Tonulty pur squire iucli frsocnnd ■mUui.I.R 



-ALLOY OK COPPER AND TIN. 



luiU lODgUl. 



Motion. O.TM iMh. _,_ 
neb oHkIohI KWtM.iW 



TAKLE XCVII.— ALLOY OK UOPPKR AND TIN. 



CVl=nH 



ttrnkeUidchetrramCnid. 
nianiMcr of [raotuiw] aNlInn, 0.T3I1 Inol 
TnuBoit; per tqiiara iDch^^iuitl tMtd 

T»iiKclt;perBqiimreiDclirnHt(urailaH(U,tJ'' 



TABLE XCVni -AJ.I.OY OF COPPBR 

» B.-Mnlcria]^ Allov.— Annlyois: 6.33 Cn. 



— DlmMKlom; LMpl.' 



























inch. 






Tfiiiiolt)- per BiiDBn Inoli 


rlgiual iKotM. U 
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TESTS OF METAL8. A'iS 
KECORD OF TESTS BY TENSILE STRESS— Con tinnwl. 

[tint wriw.) 

TiJlLB XCIS^ALLOT OF COPPER AND TIS. 
.i.lmufk^Su.MA— H*Wrt.l: AlW— 0H«lnft1 ral.tiir.ir <.OT Co.BSTl ao.-AB»lr.i. i 3,10 Cn, 


inlh. 




Elonmilion 1q 


Snks fn m«.MIe. 

IHnnioter at frMtnrwl MsClnn. 0.1^0 lach. 

Blu>h»I*D.ii51aohillainuMrlnfi«Iiindiarraa«. 

Tenutitf pwiiiuareiuDb orldnal k«Uod. 4.MM 


<U round,. 

;; ;s 

11, *,3U0 


aw 

0.M 
11.10 
O.IS 
0.1> 


.oon 
.oon 

.OIBT 


TeuacElr p«r winuv inch, dedutiins IiIotIidIh. 

i.Vn immi.U. 


TABLE C^ALLOr OF COPPER AKD TIK. 


tuub. 


Elooratimi 
ill StnobBi 


Elongation In 


firolie In middle. 

BrnkiOK load. ^«U ponudi. 

T.,n»iy pw -,a»n ioob ur*la.l •eetion, J.1IM 


Il, Pn-ndi. 

1i 


o.t« 

' Is 


.ooa 

!l4B 


poaiidH. (uanmtui: that ths final auiLlua agi. 


TABLE CI^ALLOY OF COPPKR AND TIN. 
[mMtk: Ku. ai A.— Uaurlftl : AlloT— OrlKlniil mlitaiw: l.ll Oa, »§.«) Su.— Anilfali: 0.13 Cn, 




EhingaUon 


Fr^™'«r«- 


Broke In rnlddls. 

DlaUFlerof nvotarad acgilon, D.UO Inoh. 




J*Af.. 


:SiS 


ToBBoity pBTaii.ianilBeh fracloriHl aMlfon jm. 
••imiu)! tbat iho final aestlitn smutiitd (he luaj of 
I.WOponndn), T.STtponnda. 


D.U 


TABLE Cn.-ALLOT OK COPPER AND TIS. 
:*Brk: XthSin— UbUtIbI: Alloj.— Oriclnul miitmn: I.ll Ua. DS.ffitSn.— Aualysia; O.TlCa. 


L»l i»,r 


Rlongntldii ElnnKitldn [ n 


Broke9lD«b«tfr(>u)Btnd. 
DUmeterurftaolnrwl atxiUo'i, ll..%tfll<iuli. 
TuDaeitjperB.iuaroliwta oriuiDal aodiloii. ^I.'OD 


i 


0.13 
0.11 

8«t. oini 


.MM 
.MB 

.IMl 


8,ISJ™™i.!Ti' '^'"'" 


a, wo 


.13*! 
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TKSTS OP METALS. 



RECORD OF TESTS BY TENSILE STRESS— Continned. 

[_ First aeriea,'] 

HRCHAJfiCAL Ladouatory. Dkpartmrn't OF E.v(;ixKBiuxo, Stbvbxs Ixstitcti or TEB! 

TABLE CllL— ALLOY OF COPPER AND TIX. 

Original mark: Ko. 28 A.— MateHal: AlloT.-OrifiinRl mixtnre: 0.557 Cn. 99.4«S Sa.-Au 

Cu, 09.46 So.— Dimensions : Length, &'. Dianeter, O.Td?''. 



Load. 



Load per 
•qaare 
inuti. 



Poundi. 
1.400 
1,700 

1,880 

3,350 



Poundn. 
2,800 
3,400 
3,760 

4,700 

K<*daced to — 
% 200 4, 400 



Elon{(ation 
iuSiiicheft. 



Elon^ration in 
paru of orig- 
iQAi lenj^th. 



IneheM. 
02 
0.05 
0.25 



.004 
.OOSI 
.05 

ExtendiQi; rapidly; luuMiire- 
meat nut t.iktm. 



Broke in middle; great«st •treai.iS 
Diatneter of fractare*! aeotioa 0.453 
SiirfaiN<) verj rnaoh distorted. 
THnaoity per sqaare iaoh original » 

pou'idii. 
Tenacity per square iachfra*tar(Hl 

sutnin*^ that the final aectioa sa«uiat» 

mil in load of 2.3.10 poanda; ptainlj i 

thi« case), 14,453 poaada. 



L8J 



.36 



TABLE CIV.— ALLOY OF COPPER AND TIN. 

Original mark: No. 2dB— Material : Alloy.— Original mixture: 0.557 Cn, 99.44.1 Sn.— Analy 

99.4 8u.— Dimonsious : Lrngth, 6". Diameter, 0.796". 



Load per 
square 
inch. 



Load. 



I 
PoutuU,\ 
1,250 
In 3 m. 
1.500 
In 3 m. 
In 8 HI.! 



2. 125 i 4, 250 
Reduced to— 
1, 400 3. 800 







Inehet. 


Poundi, 


2,500 


0.01 


2.500 


0.03 


3.000 


0.08 


3, 000 


0.30 


3.000 


U.50 


[I strain rapi 


dly to— 



Elongation Elon cation in 
in 6.02 parts of orig- 
inches, i inal length. 



1.93 
3.10 



.0017 
. 0050 
.0l3;j 
. 0498 
.0531 

.3206 

.3488 



Bnikn in middle. 

Diamoter of fractured aeotioa, 0.475 

T«maoity per square loch original > 
pounds. 

Touacitv per square inch fracture; 
suming tdat the final seoiion snaUii 
of 2,125 pounds), 11,992 puanda. 



TABLE CV.-CAST TIN. 
Original mark: No. 29 A. — Material: B.iaca tin. — Dimoo.sious: Length, 6". Diameter 



. Lowl per Elongation 
I f^l.?,*'** 1 in 6 inches 



Poundi 
1,700 



Reduced to— 

1, 250 
In 2 m. 
1, 400 
InlOm. 



Pounds. 
3.400 I 



2, 500 , 

2, 500 , 
2, 800 

2,800 I 



Inches. 
0.15 
Set 0. 15 

0.19 
0.27 
0. Hi 
1.70 



Elongation in 
parLH of orig- 
inal length. 




Brokt> ^ inch from A end 

Oiaiueter of fractured section 0.490 ii 
mutoly). The iw'clion wa« Tery mu( 
aiKl nu i^xivoc meanurement could not 

Tenacity por nquaro inch of oriff 
coftHideriug 1.400 p<inn(l!i as the bn 
2,800 pounds (with gradual test). 
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KECORD OF TESTS BY TESSILE STRESS-Conlii.ncJ. ^^| 


^H 


nui. LiBOHtrasi. DKriUTXEVT or Es>iissKKi.id. SiKfsvs Ixsinuit af Txclixouiav. ^^^| 


TABLS CVL-CAST TIN. ^^H 


Mlmmrk: N(t.XI D.-MaMH»l: lluca (Id — Dimanilani: Lonslh. »', niamat*.. O.TIta". ^^^| 


Urt_^p« 


Rlooxatlnu Blooeallon ia 


Brokiiainchurr<)DD«i.l. ^^H 




in ilUi lorUof orlg. 
iuohH. luaJ lingttL 












iiKllun0.3i»iiiiMi. ^^^1 
Toujuittv lor Minn» IhoIi uf urL^li.ul •i-o(kau ^^H 
<»UK rofiM U) t.VUO poixiila. ^^M 






,r«w<i.. 


/»*«. 












43B0 






(NMO 




*.5-n 






OIH 














fO'lO 






















'■"1 "1 ■'- 


^^1 


TABLE OV1L-CA8T COPPEK ^^| 


nark: Nu.30 A.-Mitonah Likn SnpflHar oopDnr. out luirja motiL— [Hiiiuanluuii: UnKlh. ^^^| 


■Load vr 


Etas 


ElonmUtin U 
Uj«.itli.* 


I*ad. 


■UaA par 


Klanjmllnn 
iDSlDchH. 


ffi;:U'"'' H 


PaaadM. 


JmA«. 




Poimli 


Pe—d. 


/**«. 


^^1 






MDOa 




«.(HIO 


ILIMB 


.ONIO ^^H 


S.^ 


oioiin 




ooojs 


wImo 


94.400 


0.9IRI 


^^1 


4.0W 


o.oD'ja 




noMi 


l*,llOO 




O.WM 




0,000 






OOCISt 


970 




Stc o.nisfi 




iSooo 


oiwM 




gOD61 


i(,«oa 


99, «W 


0.3H6 


■««« ^H 




tt 1X159 






H.BOO 


Bl.SOtt 


O.MYM 




la.Koo 


a.Ma 






Brnke Ju>C n rwidliK vm ukan ( fnnli rrau A ^^^B 


. 14, '00 


O.OI3i 




»ft)M 




le.ouo 


0, 0-Ml» 








ILROO 


a. QMS 






inch. au<l o.m luuli. ' 


!«.«» 


a.0M3 




iisst 


Taiuul ty pec atiaata Lneh original luotiao, 90.100 


iu,tim) 












Set 0, nsM 






TeiiaoitypDT*<|u>»lBGlil>utiirn.li<»tl»n.]UIKI . 


L »iS 


o.iau 




M«a 


poonda. "^"^^ ^J 


1 TABLE CFin.-CAST UOI^EB. ^^| 


^^H 






In&iDobsa. 


D>1 lennih. 


LaaU. 


'^u^' 


Inatnahaa. 


uaria vt «rl|l- ^^^| 

tiallaagtl..* ^^ 


Anodi. 


Incha. 




,^ 


ftuntf.. 


fooAii. 


^^1 


RMO 






\t,IM 


95, «0 


I),««T 


.Mnt ^^H 


' fDOU 


a.<mi 




OOIH 


13.000 


>«,DDO 


a«n 


^^H 




0.0111 






13,«IU 








sinoo 








MMU 


o.oiN 






Hrnkelninldrll»JnatMlManin>«-. ^^H 




a.«cu 








i;aw 








■B>10.7«Ull.llh. ^H 


u;«oo 


?^ 


OI0M 










OWM 


'"r^lly iH.r .,»» Iu«l. fhwturad aaalloa. ^H 
^■^Tha plan 1>*M allfhllT nn.tar atralna ^^| 


ram 


aisiT 




(no34 




0. I9ST 






\m» tlian «.«W vniud.. a.ul IJiaa aaoand arrota Id ^^H 


P 


..« 




OUM 







~ 






1 


■ 
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TESTS OP METALS. ^^^B 




RRCORD OF TESTS BY COMPRESSIVE STRESS. | 




MEcmstcAi. Uiv 


o«*Toiir. Dw^AutMitlTT af EvaranBuiNo. Stefe.vb iNnrnuTK of KcKWum. 
TABLE Crx—CAST COPPER. 




Orlglul murk: No 




Lc«d. 


■luD. 


L™,1 per 


ErKU"" 


Loxl. 


Compiw. 

tiDD. 


^a^t 


eta; 


P««d. 


ftBA-.. 


P«Mdt. 




Aiunifc.. 


/«*«. 


Pmnd*. 


.«« 








»,«S9 








48, tM 








1.889 




tons 


10,^ 




sa,t>in 




«1« 1 




siooo 


oiois 


fl,SI» 








a 


47T 


saliii 




as> 1 




3, MO 


0.DM 






oiiii 


is! 000 




Si» 






a*D ■ 




4,D00 


u.vw 


















0W I 




a. 000 


o.o« 


1S.S0T 




oils 


10, «o 




833 


83, a« 




uu 1 




0,000 
















M,SiO 




331 ■ 




T.DOO 




318L0 






now 




838 






■IN I 




B.O0O 




08.010 




04BS 


Sooo 





81M 






(*• 1 




















■ 




id! 000 




iiaiW 






Pitwfi remorMi IwDt. ■ 




11,000 


D^lBS 


M,S5I 




OUIO 


new .UaUUy hout M ll,MO pound*. , 4 


















U.000 




iisTs 






tbo .train WMuppliod. T 




n.goo 


0.30* 




ISO 


J 




TAULE CX.-CABT COPPFK- 




OHjIinBllIIUlt: 




i» 


000. 







t&ooo 


..„, «,., .-I 




4.000 




OOM 


13,039 


ooias 


00, ow 


.5V49 85,188 .MM a 




0,000 






19.S."rT 






ia.ooa 


.7018 71,701) .UM ■ 




B.D0O 




(^ 


!h:07S 




0909 


M.ooo 


,8078 78,aeg .m fl 




idIooo 

11,000 






W,M3 








._■ 










oau 


'^'^ ' "1 




H.OO0 






a.m 






Lifted Itaebento. M 




ie.000 


«B4 


Si, lit 


lid^ 


J 








OrlRiDiilmirk: No. 


0.-Matarti.l: Allnr.-OrlKinsl mdw™! OAl Co, 1,9 3a,-Ap»lj.l.eTJSCi,l 
»D,— Diiuunaluua: LeUKth :l". I)lftmc)t«r, O.eiU". ■ 


so7 


o,aos 


Is 


OIHS 


j 


49,373 


.IM 




1000 


0,009 




OOJS 


iVooo o.3»o 


5SJ3 


:a 














14. SOU 1 0. 480 


U,9SS 




3,000 










llwlun^d to- 








lam 


D.01B 


\\l.m 




0130 


14, OUU 0. $38 


43,033 


.«* 








10,1107 






13. 010 0,590 








e.oao 


0i033 


111.557 






10, 0011 0, B3B 




.JUC 




?:ooo 


0,03^ 








7; 000 OS-IS 


k:8i« 


.M 


















.»»■ 




*iooo 


0.074 


30.333 






■ 




it^p»Mi. 








Dcrs only, ^M 




v.oO(i 0.101; 


»>,335 








It 000 0.170 


3 J. .193 






Tlui boiiillHg of Oie plooo «cm tnt obMrnM 










IIM 


0,000 ponudii. -fl 




IIDOO O.EST 


Mill* 






1 


1 








■ 


L 


J 







^^" TE8T8 OP METALS. 427 






HECORD OF TESTS BY COMPRESSIVE STRESS— Contiuiieru 






ncAL Ljuiokitokt, DirAurMDrT OF BsoiKMtitKci, SntvHKii IKHTITUTB ov Technology. 






TABLE CXIL-ALI.OY OF COPPKH AND TIN. 






■rk: Na.3D^Uitort>l: Altny.-OrfKfmJ nJitore; M.ai Co, 3.TS 8a.— An»l)>l«: oa.UB Cu, 
3.8aSD.-DiiD«i«l<.n«: Lcofltb,*'. CimiDctBr, 0.835". 










5sr 




ffiii* 


Eo^ 


c..^ 


Ln.d per 


ConipruBlon In 




fmdu,. 


iViuwl. 




Poindi.i Zticha. 


nwndi. 






. ftoga 


1,630 
















BiJa 




OOTO 


ll.UOO 

i'j.3oa 


OSM 


as. IPS 

40. Wi 


iiirs 








lioss 






ilm 


oisas 


411.313 








O.I)iH 








I4.0OO 


as(^ 




.1445 






0.03S 


l»:»7 






uooii 




4H.«S 


.1585 






D.097 


neis 




01 3S 


is.«uo 




60.848 










SB. inn 




DIM 


10.000 




.V1,I5S 


:i«o 








111.335 






KwllUlHl lo - 












SStSftS 




fliOJ 


14.800 1 0,300 


48,341 








0.OM 


31851 






10,000 0.5311 


aisM 


.WJ5 








31. 4M 




0.145 


3.auo| n-ws 


8.519 


.Ma 






oiom 


39.114 




0405 


PloCB mauved bunt In * dmibls flum. 








W,7<* 






[l.i>diDg flnt ab»r>»I u 13.30A [iwin.1.. 






0.1M 


^^,«o 


~ 








TABLE CXIIL-ALLOr OT COPPBR AND TIN. 










1 mmttev.oeia". 






0.003 


1 6.10 


.iiOM 


10,000 


0.S8T 


am 


.14.13 




g. oi;i 


iaso 




mt 


IT. SCO 
»,000 


0.310 


6i;o3o 


.1800 








».ni 






SI, 000 




88,440 


'.ms 






0.0IM 


iJoM 






at. 000 


a 480 


74,0m 








0.1RIS 








*5,0WI 




81,481 


'.HKS 














a5,BllO 




84.005 


.3005 






.0.1137 


ui^io 






SlriiD dencued la 1 tntn. to— 








•o.oit 


Sote 




DUO 


1B,000 0.T09 1 BI,4bT 


,3510 






(LOM 


aa.xis 






SO.OOO 0.8S0 S.M1M) 


.4100 






o,o§a 


30.905 






14.000 0.910 4.S,D33 








o.m 


aiMS 




ouuo 


tSOO 0.M1 04,448 


!453S 






Ki4a 








>jw. remdtiHi l>nnl. 






Rl» 


■■«; i'h 






Soodina QiatubHrvid Iit9,0fl0 nonoilH. 








45.S33 


lias 


















I TABLE CXIV.-ALLOr OF CftPPEH AND TIN. 




^Ht]feS D^Matsrial : Allnr—Oriiiiiol mlitura: M Cq, ID So.— An«lj>U: 00.43 Ca, K.M 










Bm 


I 830 


0035 


13,000 0.309 


50,848 


1510 


iS«u 


aivit 






n.iKlO 0.3.15 




Itma 




fl.01« 






ooiia 


16.000 0.M0 










S;™ 






[(..ll-iO 0.444 








O.MS 


isioiH 














d.tna 


iftan 




oiso 


l^-W 0.4™ 




.n45 




n.«M 


i«,aS7 




ono 


JB.Oim n,S4fl 


58,671 






0.D44 


3)i,aifl 






IB. 300 0. 5ia 


53.130 


* .arm 




D.MM 


aftOTo 






14.500 a.M4 










x.xa 




WllO 










O.IID 


Si, ma 






4! 000 0.011 




.3.155 






35,85* 




DT70 


Pl*« Vnl sMd .llpiw.! 0.H 


IW.m iHtwMD ths 






3D.VU9 






pn.sBiini pUlea. 




t.»4 








' BeiidlDK Aral oViBrved nt 10,000 poands. 




D.MS 


(i.aai 


.1330 






M. ^ 


1 











^H 
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TESTS OP METALS. ^^H 






RECORD OF TESTS BY COMPRESSIVE STRESS— CraUnoei. 1 












TADLE CXV-ALLor OF COPPBtt AKD TIN 1 




DHgtb!! 


m.rk^ No. 


IS.— MaUrtal: All-y.— Orixjoil mlittira; OB.ffT Co, 13.4:1 8n,-Ainijii*BI,U J 








I^ul. 


Cooipi™- 


LMrt T..>r 


Jul luigth." 


LmiL 


Corap™.. 


LuM pw 
iooli* 


15-3 


found* 


/,1-JlM. 


/touaJj. 




J'Ot.Bli. 


7»di,« 


PtundM. 






I.OOH 




a.jsu 


.Doa 


«a.ooo 




71.700 






S.MO 








Siooo 


aiuo 


n.'sm 






^.ooii 








9H.DO0 






,e> 




B.iMU 




1M.S5T 






fl.»Ki 


e».K» 


,N« 




ftOM 


o!o«< 


aama 












10, Witt 




3S,SM 




m.aw iL.-Eii 


Ktsi 


.m 




II. OM) 




3\«U 




M. 100 n.3M 


es.a79 


.m 




l^OW 




aB.iH 




24,000 O.OOS 


S'^ 






fim 




43,ltU 




80,1)00 aiM 


B5.1U0 


'.m ■ 




0,000 




HLW 


.Il9fi 


17, 000 0. 141 




-JW- 




T,<NO 


o.ais 


5^411 


.loeu 


10, 000 0. TW 


aalsss 






ii.nw 








FlMU) sllpiH'<l out IV«ii Iwlwam pnaunlMB 
BcDiIIng Hist otaorveil nl U.OOO pouiidi. '■ 




to.^aa 


a,3M 


«>» 


'.\4M 






TABLE CXVI.-ALLOy OF COPPKB AND TUT. 1 




Orijrtui. 


n>.rk: No. 


A.— UiMHnh Alt'>y,— OriffiDilnilitnn: SOUn.WSii.— Auilljsii: BDjaCLW 


uo 


ODB 


1 «in 


.00.10 


S4,000 


0S02 


TS.ttS .1U> 1 








i^M 


.0040 


SKI. 000 




^4.741 .loa I 




■iooo 








24,000 




01. SM .]« ■ 




3, DM 


0,0M 


yiTTx 




30,000 


U.9« 


9T.TdS .ItH I 




Jooo 




13, OM 










.m m 




8, 000 


0.OU 


10, MT 


.OIM 


^^.^M 


o.saa 




.m m 




8,000 




WI.OJB 




UanrMi 


ndlo— 




^ 1 




l5c«0 




w,aM 




30,000 


0,3S« 


W.141 


.ITll 1 




t^OOO 


o.os^ 


»,U4 


.O'wo 


B3,U00 






.!« ■ 




14.000 




45,011 




ii.m 


awo 


•i!aoe 


-IM 1 




\iZ 


oionii 


KIS 


!0410 


a n-nill |rieoe bntklni rrom nD*Mn«. ■ 




ll>,O.W 




03,190 




Uunding Bnl obmrTeii at M.SOO pvnuiU. ■ 




2*000 


«i«i 


TI.T00 


.0»JS 


J 






TABLE LXVIL-ALLOY or COPPER AND TIN. 1 




Origin! 


B«-k. KO 


8 B.-M4t*riBl: AIloy.-Ortirln.lI mlitaro! TO.M Cn, M.flS Bn.-Aii«lf*< J 


1,01)0 


0.0M 


3,«W 


0013 


28, 000 0, 078 


91. 9M 


pit 




ioM 




iisio 




W"00 0.OM 








3,000 








^ii.ooo 0.100 


lOl) 044 










lioM 




3-1, OOO 0. J 10 


JU4,S0J 






a,* 000 




lO.SST 


.DISS , 


XI. 000 0. i» 


107,301 


,M 




tlDOO 








EodDMd to- 








10,000 




K,»3 






m.GiM 


,M» 




UOOO 


0.030 


^114 




ss; 000 o:i7i 
















3a. 000 0.173 




'.im 




10.000 








34^000 o.m 




.MS 




IS, 000 


.oioM 


M.eTl 


'.oxa 


a 000 0.181 


la 1 V iliiurniiiJlT KTOI ■ WIS 








CS,1M 


.OiSO 


Fl«» broko ,«,{ 




ulooo 




71,700 


.(nai 


ille. Ooe piMn tle« oBt IroiD t&» bwHWT 
dlstuiceafl2{«ot. ■ 




■J4.000 


o.oas 


7S,»H 




1 


as. 000 






.OMS 


-I 


i 


L 


^^1 



TESTS OF METALS. 
RECORD OF TESTS BY COMPHESSIVE STRESS-Coutiniic.l. 



L LllBOBjkTORT, DiriBTin<IT O 



TABLE CXVin,— AIJ.OT OF COPPKE AND TIX. 
: TO Cn. 30 8n- 



"z- 










Loaci p« 






BliS" 




.E«o. 


tr^""- 


InU iDDgtb. 














































































































































































OMO 






oSo 


AlwBt 30 ixMnnds nfler Ihe at 


.In «.. .ppll«l 


a.ox 


7B.9!» 




OSBO 


I n.<v tnto eniRlJ piece.. Th> U 




aoM 


91,S6B 




0»TO 







TABLE CXIX— 



r OF COPPER ASn TIN. 































a.»ii 


e,5io 


.«. 


18, OM 


0« 


M.in[ 




0*15 




























































































a: 041 






OlM 


fiO,000 




M,1*T 










5*IM 




0305 


pieo« broko BOddecli, aeTinil pIiu 
upper «.d. 


™flyiu 


off 




TABLE CXX.-ALLOT OF COPPEB AND TIK. 






Hk^ So 


3.— Mntrrlal: Alloy .-Oriel diU miitd 




-A 


nalftUt 




eter, O.MS". 




' CkOCM 


B,S19 


.ooso 


0,000 O.Oni Sa.S35 


01S3 








































la.uoo o.Du 38,111 1 


.0115 




0.N4 


88,(118 




0L33 


Brake inddenl;, BplJUlng npcn Ibc 


^ZU. 


nd. 




TABLE CXXL-ALLOY OF COPPEB AND TIN. 






■rH: No. 1 


^UatoHul: Alio;.— Origlniil inlilun: lI.UACu, 5a.lU Su.-Aniil.ys 


.: 41.1S 


Cii, 














ooi» 


I'-BW 




.,H 




0130 
























































































































































Broke i« .pi'li-tog «™li.. 






II.IR> 






OIU 





























I 



130 TESTS OF METALS. 

HECOHD OF TESTS BY C0MPEE3SIVE STBESS-Continnod. 

UiciijiiiiCAL Laiiobatobi. Dkcaiitueiit ov ExGHiiiButa, StBiiNB lstt\tvn or TtriEiDucl, 
TABLE CXXn.-ALLOY OF COPPKE ASD TIN. 



^■1 lengl 



I'mmdt.j IncAw. 



10,001) I 



tiO«d par CmsTmalB 



32, su 



ses 



TABI.E CXXllI.— ALLOY OF COPPER AND TIN. 



Orig<n(lni»ki H0.ITD. 



11,00(1 iLosB I 3i.esi 

BnikfJantiBiln^Diru'iiupIlM]. CobIoIi 
■faapnl tnclaro. Ilka No. !«% 



TABLK CXSIV.— ALLOT OF i 

DtIr1i141 mirk : So. 17 It — M*ti;rlah AIluj'.— Orlein'l mlaCamL 41,7ICn,isa,ttlSn.— Analr^il 
BO.TSSn.-DluiiiDiiloDBi LpnelliS". Dlnioctor, O.im". 



TABLE CXXV.-ALLI 
OrldlniilaBrk: Na. 1§I>.— MiurinU AUny.-Ort^nnl 



Sd.— DilDDiK^OIis: LfiPKIIi, 1 



F COPPER AND TIN. 

11 39.9Cu,l»,a So,-Ai 



1 s 


8, SIS 

as 





Brukii in up pi' 
I Dppar niiL 



TABLE CXXTl— ALLOY OF COPPEB AND TIN. 



' Bwcnun nw 
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RECORD OF TESTS BY COMPRESSIVE STRESS— Coutinned. 

■. DKriBTMBNT OF K«OI\BEB1Sn, StSVKSS IsaTmjIB OF TllCH.VOLijar. 

TADLK CXXVn— ALLOT OF COPPER AND TIN. 

,— UatBriid; AllDy,-0f1gLo«lmitlu™j!W,TiiCii.7l.iSSn.— Al)«ly»i»^ S5.1SCi 



; Ka. » B. 



— Dlmi 



-o;tg^« 






Uliui 



"sr 


Lowl pur 
Inoh.* 


nil IsDglh 


Lo»d. 


c.^.. 


'T'uiTe 


\miU, «( orlgi. 


t" 


fWBd.. 




InehM. 


i*«wl.. 






4,sey 


.OOM 


3.0*1 


D..1IS 




.asdo 




B.Sld 




J.OW 






3Mi 




a.T.s 


loOUO 












0.<M 








noNiu.- 


nlwT 


iono 


piece inB(ibiierT»l lu Iw ntiiokeJ i>fr al Ihe upper 




Hsos 




■urn rr. but uo( iieparBtr<a. AHoDii nnnnil* (hidi- 




8,8U1 


.u:M3 












%3-H 




Sooii iiter<r*nl> > WHonrl voilveahkixxl pl«e 


0, IBS 


3.«0 












BU.I trbud The UhI pinse WHreinoi-nd. mliev & mni- 




sisie 








8.1411 


.18M 


iiiehaUWlt 


0.*M 


IMJ9 








TAB1,BC 


xxviii.-ALLoir OF coppkk and tin. 




(9 B.~Hslei 


inh Ailof.— Oririnil nlxtare : tl.ltl Cu. W.n Sn.— Annljala : W.31 (Ju , 






O.OII 


a«s 


OMS 


ISOO 


BIH 


8,110 


am 








».Doa 








O.MS 


bImb 


:«Mo, 


slaw 


ft 31 J 


luliM 


"iMS 


O.IM 










6, MO 




o.ti;i4 


iiaiiiM 


!«nD 


l.ltOl) 




aloii 


issis 




Id.UT 


.oass 


400 






.uat 


reMrfiih- 








• O.IHH 


15, »W 


.ffiHO 


Plecfl iillppedoDl ftom IwUnwo the pnuisiire- 


0.098 


1,\M<I 




pUtM. liKiiI in i> douUls vurre wilb ■ cnck ou 


0.1111 


B.17S 




the u.ncox -IJe uf omIi earvK. 


0.119 






tVmhloourv«uljiierte.Ut5.D00pouinl«. At 4.dO0 




a.t3a 


.own 




o.ie7 


7,00S 


.em 






TABLE 




mik-. So. 


a A,-.M«iB 


SiilSS'iS 


Blmiilo 
gth. a". 


railS.lBCu 


M.ai Bii—J 


diUjiiIb: 11.19 Co. 



O-OOi 


1445 






























{ oi^ 










coreiwdto- 


1.1300 




































0.106 


B,S1H 


.3S30 





1.000 '*- 



paraled frou Ibn romoii 



TABLE CXSX.—ALLOY OF COPPER ASD TIS. 



UMtk- 2[u.S4B— MhIi-iIiiI- A1 


oy.— OrtgtB 








■08lDiiBil,Biigtb,4". UJamoler, 0.OS5". 


D.oia 






Removed lece. 






























































SOlO 
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TESTS OF METALS. 



RECORDS OF TESTS BY COMPRESSIVE STRESS-Continued. 

Mechanical Lavoratout, Department of Enginerrinq, Stevbks Ikstitotb of Ticiuoloot. 

TABLE CXXXL- ALLOY OF COPPER AKD TIN. 

Original mark: No. 35 A.— Material: AUoy.—Original mixture: 9.70 Co, 90.30 Sn.— Anily^: &5lCi, 

91.39 Sn — DimensioDa : Length, S". l>Umet«r, 0.085". 



Load. 



Compres- 
sion. 



Load per 
sqnaro 
iuch. 



Compression in 

Earts of orig- 
lal len^h. 



PoKlufx, 

150 


IneTiei. 
.0000 


1,000 


.0009 


2,000 


.1117 



3,*J59 
.6,519 




Load. 



Pounds. 
3,000 



Comprea> 
sioD. 



Load per 
•qoare 
inch. 



Ineket, Pmmdi, 
Lifted the beam. 



Compreaiiaii 
parts of iri|> 
mal length. 



Wedge-shaped pieces cracked at the top sal kl^ 
tom of the specimen, but did not break olE> 



r- 



TABLE CXXXIL-ALLOY OF COPPER AND TIN. 

Original mark: No. 26 B —Material : Allov.— Original mixture: 4.29 Ca. 95.71 Sa.— Analysis: ITSOli 

96.31 Sn.— Dimensions: Length, 2". Diameter, 0.625". 



150 
1,000 



.0000 
.0007 



3,259 



.00035 




. 6845 I 6, 519 
Lifted the beam. 



.34a 



TABLE CXXXIIL— ALLOY OF COPPER AND TIN. 

Original mark: No. 27 D.— Material: Alloy.— Original mixture: 1.11 C a, 08.89 Sn.— Analysis. 0.74Ci, 

99 Oi 8u.— Dimeusions: Length, 2". Diameter, 0.625^'. 



150 
1,000 



.0000 

.oorj 



3,359 



.00:{6 



2,000 
3,000 



.7264 



6;519 



,3639 



TABLE CXXXIV.-ALLOY OF COPPER AND TIN. 

Original mark: No. S8 C —Material: Aliov.— Oiisriiinl mixture: 0.557 On, 99.443 Sn.— Analysis: 0.39 Ci, 

99.46 Su.— Dimensions: Li'ugtb, 2". Diameter, 0.625". 



150 
1.000 
2,000 




.0019 
.37G0 



I 3, 000 , Lifted the beam. 

I Cracked through the middle, but did notsepan^ 



TABLE CXXXV.— CAST TIN. 

Origiral mark : Xo. 20 C— Material : Baiica tin, cast in iron mold.— Dimensions : Length, 2". Diame^' 

0.625". 



1.250 
1,500 
1, 7.'i0 
1,850 
1.900 
2,000 
2,(00 
2.200 
2,300 



0.003 
0. 012 
0.0« 
0. 0117 
0.158 
0.2fi5 
0.473 
0.612 
0.729 



4,074 
4,889 
5,704 
6.030 
6. 19.1 
6,519 
6.519 
7,171 
7,497 



.0015 
.OOHO 
.0215 
.04H5 
.0790 
. 1.125 
.2365 
.3060 
.3615 



2,300 



0.899 



7,497 



.4445 



Removed piece. 

At 1.850 ])()nnd8 the piece was observed toj* 
bulging out on all aidea, but still reroainins ^*^ 
cal. At the oml of the test the piece iiatl a wJt" 
bend in one direction, aud was increased in ditf"^ 
U^T t«» 0.85 and 0.89 inch in different parts of tn* 
length. 
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RECORD OF TESTS BY COMPRESSIVE STRESS— Continuod. 



5aiA5iCAL Laboratort, Department of Engixebring, Steve^ib Inbtttute of Tbchxology. 

TABLE CXXXVI.-CAST COPPER. 
aalmark: Xo. 30. — M!ateriftl: Lake Saperior copper, oa^t in iron mold. — DimcnsionB: Len((th, 2" 



openor copper, oa 
DiamiiUir, 0.625". 









1 

d. , 


Compres- 


Lond per 
sqaare 


1 


sion. 


inch. 


^., 


Inefwjf, 


Pound*. 


00 


o.oaT 


1.630 


OOi 


0.005 


3.259 


00 


0.008 


6.519 


00 < 


0.011 


9.778 


00 . 


0.014 


1.1. 038 


00 


0.018 


16, 297 


00 


0.021 


19.557 


00 


0.026 


22, 816 


001 


0. 0.J5 


26, 076 


ou 


0. 051 


2*»,3,35 


00 : 


0.080 


32.595 


00 


0.119 


35,854 




H. Ex. 1 


[)8 28 



Coropreosinn in 
parts of orig- 
inal length. , 


Load. 


Compres- 
sion. 


Load per 
square 


Compression in 
parts of urig- 
iual length. 




inch. 


i 


Pmindg. 


Inches. 


Pounds. 




. 0015 1 


12.000 


0.162 


39.114 


.0810 


. 0025 ' 


13.000 


0.205 


42, 373 


.1025 


.0040 


14. 000 


0.251 


45. 633 


.1255 


.0055 


15.000 


0.294 


48,892 


.1470 


.0070 


16.000 


0.337 


5-2, 152 


. 1685 


.0090 


18,000 


0.4^2 


58.671 


.2110 


.0105 


20,0?I0 


0.510 


6.^ 190 


.2.150 


.0130 


21, 000 0. 559 


68,449 


. 2795 


. 0175 


2>2, 000 1 0. 642 


71.709 


.3210 


.0255 


Piece removed slightly bent. 




.0400 


Sarfaoe wrinkled. 




.0595 
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TESTS OF METALS. 



TESTS BY TORSIONAL STRESS. 

^lECIIANlCAL LaBOKATOKY, DRPaKTMRXT OK ENOINEBRIXG, STEVKXS iNbTlTtm OF TiCHSOLOGI. 

TABLE CXXXVII.-COPPER AND TIX ALLOYS- l8T Sebies. 

KEHl'LTB OF TKHTH CAIX^ULATBD FUOM THE AUTOGRAPHIC STRAIN DIAOBAIL 



No. 


• 

a 

es 
tl 

o 
«« 
2 

Sq.in. 


• 

S 

B 
< 


s 1 Maximnm ordinate. 


Ordinate at elastic- 
limit. 


Maximnm torsional 
moment. 


es 

■*» 

B . 
c es 

r 

Yi. Ibt. 


B 

SI 


• 

a 
£ 

"a ! 

& ' 

^ 1 




Deg. 


Ins. 


FL VbM. 




Ftlb*.\ 


1 A 


1.15 


49.0 


0.40 


' 0. 17 


57.8:1 


30.82 


0.0351 


32.85 


1 C 


0.H6 ; 


2t>.5 


0.45 


* 0. 20 


ti3.70 


34.34 


0.01(14 


22.64 ' 


ID. 


1.90 


46.0 


0.55 


0.20 

1 


75.46 


34.34 


0. o:)io 


47.65 

1 


2 A 


25.70 


29f.0 


1.08 


0.25 


137.39 


40.22 


0.8990 


582.78 


2 1J. 


24. 30 


3:».o 


l.:«) 


, 0. 20 


161. 53 


34. .34 


1. 1021 


562.23 


2C . 


ll.tiS 


177.0 


0.80 


, 0.20 


104.81 


34.34 


0.:J»:'90 


872.28 : 


2D 


10. OH 


169. 


0. 75 


o.:io 


99.04 


46. 09 


0.3600 


2:18. eO 

1 


•3 A . 


42. 25 


373.0 


1.45 


0.30 


181.15 


46.09 


1.2669 


936, .56 


Mi 


13.70 , 


l¥>tf.5 


1.00 


0. 3pi 


128. 30 


55. 50 


0. :i581 


312.69 ' 


3C 


29.50 


286.0 


1.25 


0.40 


157. 66 


57. 8:} 


0. 8.529 


658.77 


3D 


22.50 ' 


162.0 


1.28 


0.35 


160.60 


52.56 


0.3344 


491.82 


4 A 


17.74 


166.0 


1.40 


0. :i5 


17.5.28 


51. 96 


0.3490 


395. 03 


4 B 


13. 22 


136.0 


1.40 


0. :i5 


17.5. 28 


51. 9<] 


0. 2451 


296.70 


4C 


KIO 


SO 


1.10 


(». M 


140. 04 


71.94 


0. 1140 


183. a5 ' 


4D 


10.40 


110.5 


1.18 


0.50 


149. 45 


69.58 


0. 1676 


231.06 


5 A 


12.70 


122-5 


1.40 


0.40 


175.28 


.57.83 


0. 2026 


283.49 


5B 


0. 95 


.39. 


0.38 


0.20 


5.5. 48 


34. 34 


0. 0224 


26. 85 


bC 


11. Of* 


106.5 


1.40 


n. «;5 


175. 28 


87. 20 


0. 1501 


2<».5. 70 


5D 


5. 10 


6?.0 


0.95 


0.40 


122. 43 


57.8:1 


0.0666 


117.40 


6 A 


6.36 


69. 5 


1.15 


0..'rf) 


145.92 


69. .58 


0. 0694 


143.51 


OB 


11.45 


10(1.0 


1.46 


0.60 


182. 32 


81. ;« 


0. 1:J91 


2.53. 61 


6C 


7.!»5 


b7.0 


1.14 


0. 45 


144.74 


m. 69 


0. 1068 


179. 41 


CD. 


5.r2 


61.0 


1.05 


0.55 


134. 17 


75.45 


0. 053i» 


130.83 , 


7 A 


1.45 


14.0 


1.38 


1.25 


172. 93 


1.57. 66 


0. 0021» 


32.37 


7 B 


0.30 


5.0 


1.7? 


0.78 


102. 46 


102. 46 


0. ()(MM 


7. 10 


7(' 


l.t'ii 


21. H 


1.65 


0.70 


204. 64 


9:*. 07 


0. 01.65 


42. 85 


7D 


1. 42 


13.0 


1.55 


O.fO 


192. 89 


104.81 


0. 0025 


31.50 



Bemarlu. 



Defective; several blowhok* 
Defective; several blofrhoW. 



Defective; large cavity. 

Defective; several blowbdei 

Defective through liquation. 

Defective through liqnation. 
Defective tbrouKh liquatioO' 

Defective : large cavity. 



8 A 
f B 

8<: 

8D 

9 1) 


0.07 
0. 22 
0. 16 
0. 15 

0.08 


3.0 
4.0 

:i.o 
:j. 5 

1.5 


0.90 
1.02 
1. (»5 
0.^2 

1..50 


0. no 

1.02 
1.05 
O.rti 

1..50 


116.55 
i:iO. 65 
134. 17 
107. 16 

64. 90 


116. .55 

i:k). 65 

134. 17 
107. 16 

W. iH) 


0. 0013 
0. (Hh 4 
0. (»(H3 
0.0019 ! 

0.0008 


2.00 
.5. '21 
3. .-5 
3.74 

0.63 


Diameter. 

1 


Eqnivalent 
maximum tor 
sional rooinrtj 
of piece i in« 
diameter. 


Inches. 
0.970 


17. M 


. 11 A 


0.12 


0.75 


3.40 


3.40 


5>'.5l 


58. 51 


0. 0(»02 


0.36 


0.955 


16.44 


12 A 


0.08 


1.0 


1.20 


1.20 


21.10 


21. 10 


0.0003 1 


0.25 


0.9C0 ( 


7.06 


13 C 


0.10 


1.0 


1. 45 


1.45 


32.41 


32.41 


0.0003 ' 

1 


0.41 


0.960 


a94 


14 D 


0.06 


1.0 


2.80 


2.^0 


48.31 


48.31 


0.0003 


0.19 


0.9.55 


13.54 


15 B 
15 D 


0.09 
0.09 


1.0 
1.0 


3.70 
2.45 


3. 70 
2.45 


63.62 
42.35 


6,^ 62 
42. 35 


0.0003 
0.00113 ' 


0.28 
0.2rf 


0.965 
0. 940 


17.8* 
1145 


16 A 
16 B 
16 C 


0.07 
0. («♦ 
0.12 


1.0 
0.5 
1.25 


i.:io 

2.15 
4.00 


i.:io 

2. 15 
4.00 


.56. 47 

102.30 

68. 72 


56.47 

102. 'M) 

68. 72 


0. 0003 
0. 0001 

0.0004 1 

1 


0. .54 
0. 68 

o.;n 


0.945 
0. 945 
0.890 


16.34 
29.60 
23.H) 


17 A 
17 C 
17 D 


0. 05 
0. 12 
0.10 


2.0 
1.2 
1.75 


1. 45 

2. 20 
1.65 


1.45 
2.20 
1.65 


62. 79 
94. 41 
36.45 


62.79 
94.41 
36.45 


0. 0013 
tl. tH>04 

0.0004 ! 

1 


0.43 
0.92 
0.45 


0.940 
0. 922 
0.625 


1?,46 
29.41 
36.45 


leA 
18 C 
18 D. 


0. 05 
0. 10 

o.oe 


1.0 
2.5 
1.6 


1. 05 
1.20 
l.SO 


1.05 
1.20 
1.20 


4.5,93 
27.37 
27.37 


45. 93 
27.37 
87.37 


0.0003 
0.0009 
0.0004 


0.40 
0.49 
0.37 


0. 895 


15.64 
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1 








^^H 


1. 


1 


1 


1 


11 


■ 


1 


1 

1 


I 


1 


_L 




^ 

P 


^ Ilemnrka ^^^^M 


b.(n. 


D«j. 


,».!,». 


fL ».. ; « ». 


' ^ 


T-oa 


I.I n:« 


0,33 


uasi S.W 


0.0000: 0.13 ^^H 




a.7.il iM 


i.a» 




iLuooin ^^H 


CM 


Lrv 0.3S 


0.38 


10.W 


10. «J 




ftOl 


0.5 


0.39 


0.% 


10.84 


10.81 


O.OO0Ol| 0.n:i LnrincrcBtiilliua, wpakm, Hu.< ^^^H 
1 wiaiiiilai', niri'DjfFil. ^^^^H 

aoutuo; 1.30 Bi.>uiioUh><.'«<iii>i, ^^H 


axi 


<.5 


i.m 


I.M 


35.44 


3S.« 


AW 












D.ocMU»; o..s'i| ^^H 


0.0* 


i.ii 


oils 


oils 


11 in 


14 M 


aOOO.4' 0.« ^H 


a,n 


4.5 








mra 


1^ 00030; 105 ^_^H 


'1 !■.« 


S.5 


KIS 


ills 


tiiLHa 




0.00(15 LBJ, ^^^^^H 


i.ai 




1.50 






87. ?I 


^^^^^^B 






O.iH 








anooiil ^^^^^^H 


> 0.10 


:i.«i 


0.<S 


o.« 


ia.« 


l!LW 


aooois 


0.^1 ^^^^^H 










M.M 


ID. HI 






- 1.81 


n.0 


0.M 




so.a. 




(H 00711 






SdO 










0.0100 


B.U3 




1.9» 


lfi.S 


0.K0 


am 


91. SJ 


S.W 


O.004* 


S.41 


^^^^^^^^H 






l.utl 








aoaou 


3il>0 






1011.0 










ai>ti4 


10.77 




U ISO 




Oiw j 0.M 


^1.3! 


S,M 






^^^^^^^^B 


l| >L3S 


i.-a.o 


0.00 !a» 


11.30 










i| ia.K 




i.;io D.T0 


UOtllO 


17. «* 








M tJS 


133.5 




an. Ml 




0. am 








a^,o:« 


40.01 


15, « 


0.i»SI 


^^^^^^^H 


fr\« 


in.o 


0.70 0.10 




1803 1 )L 13 i Dlovholc Is «Dt«r ; dsfinttn.. ^^^| 


■jfot 




o,fo o.« 


loian liM 


0,««3 




Hlia 


oiiio 




iLyel a.M 


0.531W 




Bloxhtde in owMr: defective. ^^H 


fr*'° 




1. IS 1 o! 40 








^H 


f'.*.^ 


nr.o 


B.M 1 0.18 


1(178 e.Bi 


O.BIIB 


83.81 


Bbwliulc In eei>UT ; defnetlv. ^^H 




3««.D 


0. 70 ! 0. » 


17. ua B.«i 


lloiM 


09; Ud 






(lis 


0,M,O.M 


19.30 ■ 7.10 




n.»i 








U.55 , (LU 




liosM 


li-SS niuoliule Id center; dcrHtlvt. ^^H 






D. 10 1 iL m 


-■LI) 0. 00 


0.7308 






eiao (!..«*; (his 




IM,1I, teeU aWvlnlibluaiHiun.). ^^H 




50t.O; 0.70 IOlM 




IM.30( iitiMiarm. ^^H 


Bu-n 


ta^o 


0.«0| 0.110 


lalae rioiLBB37 


101 S9 


^H 




S9I.D 


o.M ats 




tS&H" 








0. A5 1 0. la 


14. as s!5ri , I.SSIU 


I0O.M 






uto 


11.50 0. 1,1 




100. OB 






$910 






SI. 90 




^H!^n 


10S.-0 


LW 0.50 


1S7.4b! 94.41 1 MM 


IBS. BO 


^^^^H 






I. «o 0. 10 








Ef II. n) 






145.13 54141 1 0.3000 






" 90. M 


1W« 


i:5u o-« 


15J.ai 40.36 37U 


3(17,39 


^^1 


■i..^I.,~t 


tkios lip Ihe BVBtHtca of mulu gtrvti lu tho lalile im iwirw »30.37e, lbs |iec« marlwit ^^^| 
^" " i.-iv„, .nilNd.ao, w..r«teHt«lw^itl.lOO-p«.iii.l ""Iflhl nuwrnnf f.x.lm. nw- ^^H 






1^ -V. nc. ■DillSA wcralwUHl wUliUU.|iDni'<l w<Liihi.w>aUi«reui*lnilor ^^^H 




< <ll>iBiitar ewapt XcM » D f H A.. InuIii'Wg. Tli« iltanwtiiri of Ihme ^^^H 




' ICaoiarlu." TUb >nn< ■luil noniaai gf llifl plHc la givrD la Wa iubl>. ^^^H 




' k- "laKlte>ilbecn!ilraloiitior>N»'liii'<ni>'uCur aiiltuinof ■tmxlai'ridir, ^^^M 

... ^ ^uu Nintdpnl a* CmiiiM fmin Ihs illaKinin by tha rarl'iiif UwonbD of tlia ill. ^^^^M 


Sjiiiii. 


\,-i- mi iil>" nf o.r.9-. iuflh. Ill 1 tunioDat alni»illi TUvilniCM tlircubsoribrdlinielar, ^^^H 

Bftlie piiHKo U iho iwlllsnce i.f ike pl-» ■■ »<ImI, amlBDI HialaT napaalimti at Mwid- ^^^H 




i 


bttsc wmiut t» stieii, an at ptiueDl tlie nlatlDn Of 111 


„J 
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TESTS OF METALS. 



RECORD OF TESTS BY TRANSVERSE STRESS. 

ISecond 8eries.'\ 

Mechanical Laboratouy, DKrABTMExr of Enqinbbiuxo, Stevens IxarrruTE of Tbchnoloc 

TABLE CXXXVIII —ALLOY OF COPPER AND TIN. 

() i^inal mark: No. 31 —Material: Alloy.— Oricjinal mixture: 97.5 CTi,2.5Sn. — Dimensions: L 

between supporta, i=:22". Breadth, 6 = 0.956". Depth, d = 0.977". 



Load. 


Defleotion. 


Pounds. 


Incites. 


10 


0.0110 


20 


0.0145 


40 


0. 0207 


80 


0. 0321 


120 


0. 04:« 


160 


0. 05.52 


200 


0.0674 


3 




240 


0.0822 


280 


0.0982 


3i0 


0.1188 


360 


0.1568 



Set. 



Incites. 



0.0109 



Modnlun of 
elasticity. 
PP_ 
^ — 4 AM* 



5, 769, 739 
7,441,347 
8. 274, 843 
8. 6.'>4. 601 
8, 860, 059 



8.717.780 
8. 513. 596 
8. 042, 667 
6, 855, 244 



Reaistance decreaaea slowly. 

On pnttiDS on 380 pounds, a crack wa« foi 
the under side of bar. The resistance dec 
as the deflection was increased, till the bar 

Breaking load, 360 pounds. 

3 PI 

Modulus of rupture, R = tt^ = ^^.OH 

The fracture was full of blowholes, an 
partly oxidized, showing that the crack ^ 
old one. 

(Bar defective, teat worthless.) 



TABLE CXXXIX.— ALLOY OF COPPER AND TIN. 

Original mark: No. 32.— Material : Alloy.— Original mixture: 92.5 Cu, 7.5 Sn. — Dimensions: 

between supports. I = 22". Breadth, b — 0.956". Depth, d = 0.982'. 



Load. 


Deflection. 

A 


1 Set. 


Modulus of 
. elasticity. 

PP 
^- 4A6d3 

1 


Load. 


Deflection. 
A 


Set. 


Modnio 
elastici 


Pounds. 
10 


Inches. 
0.0060 
0.0104 
0.0185 
0.0278 
0. 0376 
0. 0472 
0. 0572 

"6.0668" 
0. 0769 
0. 0880 
0. 0983 
0.1105 


1 Inches. 


1 
1 


Pounds. 
3 
600 
640 
680 
720 
760 


Inches. 

"'0.2095 " 
0.2365 
0.2867 
0. 3511 
0.4609 


Inches. 
0. 0655 




20 


1 


j 




40 




6,357.759 
8.461,765 1 
9, 384, 459 
9, 967. 673 
10,281,341 , 

16,* 564. 538"! 

10, 706. .')00 
10. 692, 594 
10.768.73S 
10,644,211 

1 




7.95"; 


80 


1 




"» " 


120 






6,03C 


160 


1 




200 




800 0.603L 


"6.'4ii3" 


3 90( 


3 


' 6. 0035 

1 ...... ...... 


3 






240 


800 

840 

880 

920 

960 

1,000 

1,040 

1,080 

3 


0.6202 

0.7792 

1.0427 

1.3217 

1.74 

2.13 

2.63 

3.78 




280 






320 


1 






3(»0 








400 


1 






3 


0. 0145 
Beam sinks. 




1,3=( 


440 


"0*1232" 
0. i:j89 
0. 1.535 
0. 1719 
0. 1963 


10,501.6,')6 
10. 101, 429 
9,961.177 1 
9, 579. 171 
8, 987, 663 '■ 




480 




84C 


520 


3.40 




560 


1 


Bart 


tent t<i A defl 


fxr.tinn of ft" 


without hn 


600 
3 


"0.6577' 


Breaking load (or the load cai 
3^") 1,080 pounds. 

3PZ 


using deflet 


600 


0.2065 
ance decreaj 
ance deoreat 


1 




Resist 
Ro^ist 


*ed in 2« to 5 
*ed in !>• 48« 


86 pounds. ■ 
to 562 pounds. 

i 


Modv 


ilos of ruptu 


ire, R — 2 t^, 


j = 38,659. 



r 
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KECORD OF TESTS BY TRANSVERSE STRESS— Co til i lined. 

ten, LiBOUlTORT, DEl'ARTMEliT Qr EX»lNllBK[Kli, STBTIHS IseTnmE or TlCMNOLOGT. 
TABLE CXL—ALLOT OK COPPBR AND TIN, 
ik:Nn.33.-H»WH»h Alloy— Origii.nl mimnre; 8r.S I'l.. ia.5 Sn — DHuunaiorn: Lengih 
UbWmh Bnppon* iW". llrMilth, 0,9TS". Depili, O.-m". 



IJjlly. 



0.1071 

iLiias 
cuss 



10,«M.(C1» 

iilMginii 



aoin 

"".'.".'.'.. ii.'i 

Isom iloka dairlf . 
"o-oisi' --'., 



3. HO) 
' Bar brak* ■fter i 



»,S»,17B 

"i,**M.»« 



TABLE CXLL— ALLOY OP CUfPER ANU TIK. 

:a.3l HiUerinli Alloy— Original mliliirB; MS Un. 11. S Su.— Dlmou 

between sapports, ti", Bmdi.h, O.BX", Ueplk. 0,1)70". 



e,»n 

ftlKt 



15, M9, 81 
is; 0451 il 



14.M>3.Saij 

'ii,'eoa.'i37'" 
"i«,*iBo,'Mb"' 



*30 TESTS OF METALS. 

RECORD 01^ TESTS BY TRANSVERSE STRESS— Con tinned. 

iflecoud aeriu.] 
JlEcrr.vMCAL LtiioiuTOHE. DErAnTuii>tT OF En*gi.'<kkki!io. SiBvmg Inbtttctb or TtnuDLr-;!. 
TAULEC\LIL— ALLIjr OFCOPPEft AND TIN. 
;iri([1iial inuk: Xo.33— MuterkL Allny.-OHpi.Bl luiJtnio: TJ.S Cn.U.9 8d.— DtiMutoH^ LmjH 






. Ueptb.O. 



Loud. 


DeflmtbUL 


Set. 


ModDlui of 

;'■■";¥■ 


"-'• 


Defl(»UBa. 


Sat. 


UDdalurf 


J-oand, 


Jtdu, 

O-OOM 

(tOrirtl 


/Rckt. 




■ 4eu 

1 5«l 

.■ieo 
1 coo 

MU 

sea 
Tao 

7N 

Hre. 
Mod 


ftiow 

D.IIU 

0. ia» 

0.13S.1 


1«*^ 


















U MS. 319 

13,S1B.J51 

i3,aao.« 

A 950.775 
""u.OAWl"" 

itas 

IISS 


















nocaa 












'■"o.«^' 












iVI 




gas 


■.m 




Brolie fai |inltiii|[ on 111*111. 




(LDOU 




iiasLBji 


l™»fri.pt»«.K_-5^, = «,^ 







TAIILK CXLiri.-ALLOY OF COPPER AND ini". 



IliifiEml mark: No. 3n.— Miitnii) ; Alloy 



ara , ft 03.10 



300 I lJn>keiuapp]jlBK*tnIil. 
Brcnkini; load, aso pnunda. 
Modulua of rnprn™, R = ^ J^'^ 



TABLE CX LI v.— ALLOY OF 

I.-MiipHbI : AllnT.-O'ldimlnili 



AND TIN. 

1 Cci.S-J.SSn.— 
Doplli, 0.9SJ". 



. 


IE 

0, oua 

M 




i ^ 


'"'0.063*'* 






*" , 










































lao 1 


l-I.*tS,liT8 


\ Breakln)! lond. ?ta poands. 










ISO 1 


1 "."'.'K' 


1 ^'^ 


"■"""»■"•■ "-jt? 




».tn. 
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TESTS OF METALS. 



RECOKD OF TESTS BY TRANSVERSE STRESS—Contiimed. 

\_Second »en>«.] 

Mechanical Laboratouy, Dei'abtment op Enoixbrbino, Stbvens Ikbtttutb of Techxolmt. 

TABLE CXLVni.— ALLOY OF COPPEK AND TIN. 

Original mark: No. 41 (A— F).- Material: Alloy.— Original mixtare: 47.5 Cii, 58.5 Sn.— Dimeiwit 
Lenj(th between supporta, 15". Breadth, 0.96*2". Depth, 0.9d<H'. Upper portion of original bv 



1 

Load. 1 Dofleotion- [ Set 

1 ^ 


Modnlns of 
elasticity. 

E ^^ 


Pound* J Inehea. ' Inches. 
10 0.0018 




20 0. 0030 




40 0.0047 


7. 930. 90^ 


60 0. 0036 1 


i*, tn\ 059 


80 0.0075 


9. 940, 064 
9. .'i08.99l 


100 0. 0098 : .• 


120 0.0115 i 


9. 723. ir76 


140 0.0134 


9, 736, 077 


16U 0.0151 


9, 874, 239 





Load. 



Pounds 
180 
200 
4 
220 
240 



Deflection. 



Inches, 
0.0167 
0.0180 



0.0186 



Set. 



Inehsi, 



0.0032 



Modalai ( 
elasticitf. 
PP 

^=4TM 



10.044,91 
10.35i» 



n.09i» 



Broke in applying strain. 

Breaking load, 230 pounds. 

3 PI 
Modnlns of rupture, R » -^ ^ =5,601. 



TABLE CXLIX.— ALLOY OF COPPER AND TIN. 

Original mark: No. 42 (A— F).— Material: Alloy.— Original mixture: 42.5 Co) 57.5 Sn.— BimcDi 

Length between supports, 18". Breadth, 0.995". Depth, 0.995". 



22 
42 
H2 
lOi 
122 
142 
162 
182 



0.0033 
0.0060 
0. 0124 
0.0158 
0.0188 
U.02I5 
0. 0249 
0.0285 



10,412.693 
9. 8.36, 878 
9, 603, 028 
9,653,107 
9, K24, 600 
9, 677. 893 
9, 499, 300 



202 
222 
227 



0.0319 
0. aJ57 



9,419.45 
9,250,17 



Broke in applying strain 5 inches frc 
end. 
Breaking load, 222 pounds. 

3 PI 
Modulus of rupture, R » o ^;|i =°- 0>O8^ 



TABLE CL.— ALLOY OF COPPER AND TIN. 

Original mark: No. 42 (F — C). — Material: Alloy— Piece remaining after previous test, 13 ii 

long. — DimenHionH: Length between supports, 12". 



22 0.0022 i , 

42 I 0.0043 4,304,986 

82 0.0091 1 3,97l..'>84 

122 I 0.0132 4,073,589 

162 0.0164 ! 4,353,740 

202 0.0202 ' 4,407,490 

242 i 0220 4,848,2.39 

282 I 0.0264 ; i 4,708,000 



322 
362 



0.0282 
0. 0310 



5. 032, a 
4,8()8,4! 



Broke jnst as strain was applied. 
Breaking load, 362 pounds. 

Modulus of rupture, R= - f-- =6,605. 

2W« 



TABLE CLL— ALLOY OF COPPER AND TIN. 

Original mark: No. 43. — Material: Alloy.— Original mixture: 37.5 Cu, 62.5 Sn. — Dimensions: L 

between supports, 22". Breadth, 970". Depth, 0.990". 



10 , 0.0036 

20 0.0050 

40 i 0. 0106 

60 0.0169 

80 (». 0228 

100 , 0.0308 

Jieam sink.^ nlowly. 

120 0. 0.389 

140 0. 0482 



11, 313. 336 

10, 672, 961 

10,041,426 

9, 923. 9rfi 

9,182,904 

8, 724, 939 
8, 215, 079 



160 
180 
2t'0 
6 
200 



0.0577 7.84i^ 

0.O676 7.5;il.« 

0.0799 7,0?9.6t 

0.0202 

Broke JuBt aa beam rose. 
Breaking load. 20i) pounds. 

Madulus of rupture, R^ -^.^=6.942. 

8 oar 



TESTS OK METALS 
RECORD OK TE.STS BY TEANSVERSE STRESS— Con tin ni-il 



m--'""- 


b»lw™i.upj«rt-,W'. llre«dlb,0,l»3". Depth, 


B7,5 Sn.-Dt 

o.wo*. 


«.>.id<«»: Lentil. 


lUr- 


SM. 




Load. 


DefleetlOD. 


Set. 


llodalniof 
4cM> 


B' AdM. 


iKbf. 


""'i'm.aa 

6.!»'4,m 


is 

no 


IxMm 


JwlM. 




f! tS 




S, era Ml 




(LOSIS 




:■".":::.: 


Iter btok.. 








0.0401! 







r OP COPPER AKD TIN. 



*o .a OHO 



0.0143 

n deoraoMd In 1 uLn. to isi 
b dtHirwuod lb 3 luLu. ta IS) 



4,190,1* 
"4,is3,8l! 



a In atnln deoTH sd in 89 boats lo 109 



'ABLE CLIV— ALLOr OF COPrBR AND TIN. 



■' 


0.0141 

'■"'o-'oiw' 

O.DSTO 
0,1049 

D.i4n 






9*0 

300 

»M 

SMI 
380 
«W 


ftSioa 

0"<814 
0,»'M 

o'saos 










^Xl" 

R*74,§4» 

e, lea, lOO 
"'■' i,'*sfi,'8w" ■ 

S,T71I.3I7 

a,aie.»3 




iHLWt 












0.1044 








3.iUl,SH 










""" 


OMI 




»,1BT,0I! 










— t^oii-- 






i.«ai 




















BreaktUR Jond tUO pounds. 
«od«luiorn,ptu«,K= ~ 






e-oasi 


= 13,0CT. 


IL 




).491,(*J 















TEST8 OK MKTAL8. ^^^ 

RECORD OF TESTK BV TKANSVEK8E STKESS— Conlinuwl. 

MCAI, LAIiaN«TO>t. Du'AnTUE-VT Or E!(alM«tlll!iG. STEVEm IXknTTTt or TVUOLO 

TAULE CLV.— ALLOV OF tiOPVKB. AND TIN. 



T, »K1.«M 






The linnni ww nlHOrvoA to t\ta, tad kootber 
rckdlug or Ml «u taksn In I miuutBt. 

Tbo bi-aiu row tttin. panhnrl fiinruii ths poiH 
em hHiii bulaiion] St tu pKDnili. 



iciiln I 



rui iwiiii 



...| o.uat)a I. .-- 

HtM biliuwail M in ponBdi. 
nnin ImIiIdohI hI. 1« poiiDili- 
nuu-K baliUKinl bI XI pogi^ 



In < MloutH beam i-mp ■(■in. 

In aa mlnnlM bMu balaUHxl M H poo' 

111 1 hnur tiKl 3» mliiuUM Imiuu Mu» 



ToUl d ._ , 

, O.WM— <l.a8ia = 0.0»WHi.__. 



*> vC »i In « )■ 



310 I Hci'kv 



I'kv ail (Bpl^lDxalr^ 
llodnliuiufrupmnslt f-^-lM* 



TAHLE CLVI—ALUir OF CUPPEK AND TIU, 

: Hu. «o_Mitl<iniil: Alio]-.— Ilriiiliinl mlitum: tl.A Cu, m.aaa. 



o-osaa I ... 



S.4S,X03 
" 4.W7.'7Sj" 



■aliiuvHl at 19 piHiiiil*. 



RtD bdiik pnv 
if;«lu at A pnunrti. 



'o'av»" 


i,m..30i 










l.li3»,llH 










1. SOT, mn 






i Bmri MnkniAUr.' 
Bar brokeJOM MM 

load, 900 luuDila. 

Hodalua of mploni, R= iT^^l*" 
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TESTS OF METALS. 



RECORD OF TESTS BY TENSILE STRESS— CootiDued. 

ISecoiid 8(Tie8.'\ 
Mechanical Laboratouy, Department of Bnglnebuing, Stevbns Inutituts of Techno 

TABLE CLX.— ALLOY OF COPPER AND TIN. 

Original mark: No. 31 B.— Material: Alloy. — Orijdnal mixture: 97.5 Cu, 2.5 Sn. — Dimensiouh: 

5' . Diameter, 0.79«". 



Load per 


aquare 


iuoh. 


rounds. 


tfOO 


2,000 


4.000 


200 


5.000 


6,000 


7,000 


8,000 


200 


10,000 


12,000 


2tK) 


14,000 


15.000 


15, 250 



£ 1 o n g a- 




tion ID 5 


Set. 


inobea. 




Inches. 


Inches. 


0.0010 




0. 00.25 




0.0055 






0.0005 


0.0077 




0. 010 J 




0. Ol'M 


• • «•«<•■ 


0. 016d 


• • * 




0.0081 


0. 0247 


0.0348 






0. 0273 


0. 0531 




0.06etf 




0. 0773 





EloD {Ration in 

ftarta of orig- 
nal length. 



.0002 
.0005 
.0011 



. 11015 
.0021 
.00:26 
.0034 



.0049 
.0070 



.0106 
.0133 
.0155 



Broke 2 inchefi from D end after takinj 

Diameter of fractured sectioo, 0.71U 
of blowholea. 

Tenacity per aquare inch, original wcti 
pounds. 

Tenacity per square inch, fractured 
16.374 pounds. 

The bar waa df^fective in consequena 
j ration of metals, and blowholes tbruo 
whole length. 



Original mark 



Load per 
square 
inch. 



In 



Potinds. 

dOO 

2,000 

3.000 

4,0U0 

200 

6,000 

8,000 

2()0 

10,000 

12,000 

Ml 

14,000 

Ki, 000 

200 

18,000 

1 min. 

19,000 

20,000 



TABLE CLXL-ALLOY OF COPPER AND TINT. 

No. 32 A. — Material : Alloy. — Original mixture, 92.5 Co, 7.5 Sn.— DimeuMon! 

5". Diameter, 0.796". 



Elongation 
iu 5 inches. 



Iiuihei. 
0. 0010 
0.OO2T 
0.0039 
0.0051 

"6.0673' 
0.0091 

' 6.0104 
0. 0120 

"6.'6i46" 
0.0222 

0*0,506' 
0.0546 
0. 0()64 
0.0956 



Set. 



Inches. 



0. 0011 



0.0044 



0.0079 



0.0181 



Elongation in 
pans of orig- 
inal length. 



.0002 
.0005 
.0008 
.0010 

'. 0015" 
.0018 

.6621" 
.0024 



.0029 
.0014 



.0101 
.0109 
. 01:^3 
.0191 



Load per 
square 
iuoh. 



Elongation 
in 5 inches. 



Set. 



Pounds 
200 
22,000 
23,000 

In 1 min. 
24,000 

In 20 sec. 
200 
26, 000 
28,000 
2m, 500 



Indies. 



0.1509 
0. 1793 
0. 1916 
0. 2156 
0.2218 



Inches. 
0.0906 



EI01 
par 
ina 



0.2110 



0.3038 
0.3896 
Broke 1 inch from C end. 
FYactuted section elliptical, diauieto 
0.732 inch. 

Tenacity per square inch, original be 
pounds. 
Tenacity per square inch, fracture 
35.1h^2 pouuds. 
Several very small blowholes in fra 
face. 



TABLE CLXIL— ALLOY OF COPPER AND TIN. 
Original mark : No. 32B. — Material: Alloy.— Original mixture: 92 5Cu, 7.5 Sn. — Dlmensio 



5". 



Diameter, 0.798". 



800 


0.0004 


2,000 


0.(K)38 


3,000 


0.0062 


4.000 


0. 00?'5 


6,000 


0.013;i 


8,000 


0. 0203 


200 


••••.• .... 


10. 000 


0. 0272 


12, 000 


0. 0363 


200 




14.000 


0. 0459 


16,000 


0.0554 


200 


.••«•• ..••• 


18,000 


0. 0707 


20,000 


0. 1044 



0.0039 



0. 0449 



.0001 
.0008 
.0012 
.0017 
.0028 
.0041 




.0092 
.0111 



.0141 
.0208 



200 
22,000 
24, COO 
25,000 
In 1 uiiu. 
26,000 
27,000 
27,300 



0.0944 



0. 1516 
0. 2135 
0. 2199 
0. 2.->94 
0.20M0 
0. 3:J38 

0.3532 I I 

liroke i inch from D end. 
FrHOturcd section elliptical, diamei 
0.720 inch. 

Tenacity per square inch, original sc 
pounds. 

Tenacity per square inch, fractut 
32,844 pouuds. 



r- 1 

TESTS OF METALS. 445 ^H 
RECORU OF TESTS IIY TENSILE STEESS-Ccmtinneil. ^^M 

TABLE CLXin.-ALLOY 01' COPPBH ASD TIN. ^^B 
1: Ka.33A.^lIaMri*h AlW^-Origloal <nljLti>i«: <jT.3Ua,13.aSi>.-Did>u..lolia: LoDKtb ^H 


Btt 


Set. 


ElosRMttciii in 




ioilmh^ 


3«. 


W ItDgtb. ^^H 


(I.ll09i 


2«k«. 


;«iiii 


ao,ooo 
ai.ww 


ftWOS 


iWTta* 


... ■ 




o.vsoi 




O.MSS 
0.0605 


.o«)e ^H 






HMOS 


o.p«i 


o,(naj 

"'0.0B4«' 
COKN 


llKHT 


0.080* 
U.OWT 
D.11W 






o-onoa 


-■- ■■--■ 


.0(81 
.0M» 


iiiji- 


Drulie In ujddlejast 


ubeimnm. 


iiiii- 




.«« 




TABLB CLXIV.-ALLOY OF COPFBR AND TIS. ^^M 
k< iro.33B.-MaMrI>l: A.]}m.-OH);luu} miitnre: ST.S Cn. IS.Saa.-DlmeDilon*: lugtta. ^H 


l).00» 

t.om 

CLDns 




-0«MI 
.(MS5 

!oira 
.oom'"" 

.OlOfl 


34 000 ' Dims 




^^M 




S<1,000 

30,000 
33.100 




0.OMS 






0, 10« 

"o. ixV 










0.10S3 




-o'dm§(> 




o-'Uii" 




a. Mao 






o,aaio 




a.oHg 




;£ A 


9.0M1 






Vosgo* 


nnke in mMdlc. ^H 
DimuetDF ol rrutnred ieaiioD. D.TTO Inch. ^H 
Tnniuit.v per aqiiiire iaeb. otlgiunl «™iiiin,33,a(0 ^^H 


' O.OTW 






■ "^"^ 




TABLBCLXT.^AIXOT OF COPPER AND TIN. ^H 


a.ouo 




.ooai 

.owo 


SO, 000 

"■S 

as 


O.DlSt 
0,01M1 




3-.. 1 






o.oo« 


-b'WMtt 


o,adt4 
o.otsg 


ioMi" 


■■«f6Mi- 


0.0318 




e.oi«i 


Broke 1 IneU ri^n A 




iraaficy par iqaiira iDcb o^ onglml wflUdo, ^^H 
W.MU iMinmla. ^^H 

TetiacltT per Bqaitn tDch oC rnctarul acottaii. ^^^1 
<0,4INvouX ^ ^H 






(Lom 


. 




^^H 
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TESTS OP METALS. 



RECORD OF TESTS BY TENSILE STRESS— Continued. 



ISecond series,^ 

Mechanical Labouatobt. DKi*ARTME.vr of Enginbeutng, Stevens tssTiTUTE of Techsolw 

TABLE CLXV1.-ALL0Y OF COPPER AND TIX. 

Original mark: No. 34 B —Material: Alloy.— Ori}{inal mixture, 82.5 Co^ 17.5 Sn.— DimeDsinns: Le 

5". Diameter, 0.798 ". 



Load per 
square 
inch. 


Eloniration 
iu 5 laches. 


Pound*. 


Inchti. 


:2,000 


0U19 


3.000 


0034 


4,000 


0.0054 


6,000 


O.OOHO 


8.000 


0.0110 


10,000 


0.0119 


12.000 


0. 0136 


14.0<)0 


0.0149 


16.000 


0.0170 


IK, 0*)i) 


0. 0179 


SO. 000 


0. 0-400 


i200 





Set. 



Elongation in ; Load per , i?i„«^*i^„ 
paitsof orig- 1; square ?JS?«;?hIC? 
iiml lehgth. inch. 



Inches. 



Set 



— 00--W(?) 



.0004 
.0007 
.0011 
.0016 
.00^19 
.0034 
.0027 
.00:iO 
.0034 
.(HhM 
.0040 



Poundt. 
3*2,000 
24,000 

3 
36, 000 
38.000 
30.000 
32,000 

300 
32. 300 



Inchft, 
a 0316 
0. 0344 



0.0369 
0.0296 
0. 0334 
0.0355 

0.0139 
Broke at shoulder, B end. 
Diamoter of fracturea scctioD. 0.79t< inch 
Tenacity per square inch of orij^inul 
33,300 pounds. 



Inchea. 



+0.0031 



EIOD^U 

p«rt*o 



.00 
M 

".« 



TABLE CLXVIL— ALLOY OF COPPER AND TIN. 

Original mark : No. 35 A. — Material : Alloy. — Original mixture : 77.5 Ca, 22.5 Sn. — Dimensions: 

5". Diameter, 0.7518". 



2,000 

4,000 

6.000 

8.000 

10,000 

13,000 

14,000 

16.000 

18,000 



0.0016 ; 

0.0060 ' 

0.0094 I 

0.0134 ! 

0.0138 1 

0.0143 

0.0161 ! ...I 

0.0175 I ; 

0.0180 , I 



.0003 
. 0013 
.0019 
.0035 
.0026 
.0039 
. oo:« 
. Oa35 
.0036 



80,000 0.0193 

21,«.00 0.0197 

33.000 0.0203 

33.000 0.0307 ! j .0 

3:), 600 Broke 1 inch from A end. 
Diameter of IracturiMl section, 0.79i< iuol 
Tenacity per square inch, original »ec ioi 
Iionnds. 



TABLE CLXVriL— ALLOY OF COPPER AND TIN. 



Original mark : Na 35 B. — Material; 



Alloy. — Original mixture: 77.5 Cu, 3S.5Sn. — DimeusioDit: 
5". DiatULt^'.r, 0.790". 



1,300 

2,000 

3.00» 

4,0(»0 

6, 000 

8, OUO 

10,000 

13, 000 

14,000 



0.0014 
0. U040 
0. 0()«i8 
0.01(^0 
0.0143 
0.0178 
0. OIJ19 
0. 0224 
0. 024'i 



0001 

0014 
0020 
0028 
003(» 
00 <9 
U04.') 
0040 



16.000 
IH, 000 
30, 000 
23. 000 
2^000 
25, 000 

s.*). :oo 



0.0364 
• 0.03^^1 
0. 02W 
0. 0.110 
0. 0324 
0. 033il 
Broke in middle. 
Dianictrr ol fractured secii!>n. 79;? indi 
Tenacity per square inch, 35.700 poumi* 



.0 
.0 
.0 
.0 
.0 
.0 



TEBTB OF METAL8. 
RECORD OK TESTS IIV TEN'f ILE STRESS— Cniiti 
[.Siriw'-mt*.] 

,L LahobiTOXI, UErAkTHE^t Ol- EMIINKHllINU, STKVCVB IxCTTTUT. 

TABLE CLXIX— ALLOT OF COrPEB ASD TIN. 

:: No.:te A.— MslrrlBl: AlIoy.-iOrrRtiiill miltuin: ns (Ml.CT.JSn.— RrCIODKulir aFCtlPU 
MB" % I.Odj". Tiw krtlllfi 111 Im liirnril. 



BpnonJs. th« p(«<<o broke In thn npp^r TkiiikIit per i"in«re lnoli, 
(matle UHthliHi U iurhm fmin A «ui1. 1![nnealiDU nut mminrcil. 
IB uoehtiie. At t.hlO p">ui<bi lir»ku iu 
^ ■ ■ Kh from C end. I'leee luo .burt m 



AJSD pound 



TABLE CLXX— iLLOY OF COPPEE AND TIN. 
.: No.MB.— aiWtiiil-. Allnjr.— OriBinulmWInre: Ti.5Cii.a7.5SB 






. brulie » iuttH frum butlunb Knil 1 | Mtrri— it! 
■ of liiwrrjuw. ' In lb« Jawe l . 

broke at odgii ol .lower jiw, SJ urnl P««1,T by le 



.nob, (.4«S W'DDils. 

a the InltMa plreon brenli 



TABLE CLXXX-ALLUV OF LOl-I'ER AND TUT. 


1 ponirfi, bnik^ In lower ;«>-, It iucliw 
Mnndn. broke In o|lper j*w, U Iniibci 


Ti-uiwiU.v |M>r nqmii' Incli, 1,004 ponnda. 


TABLB CLXXIL-ALUIY OF COITER AND TIN. 


■UponniKbiokelntoirsrJiwbycmi'hinit. 
.5*1 pDuiiilB, broka lu upper jmw, K Inuhm 

1:14 punudi, broke In npperjiir: omshod 

.«>4 pouadi. brnke fn lower >w,l inirb from' 

1 pounda, broke in opper Jaw, 1 inob finn 


At 3,do ponnda. broke In JBHerJkw, ] infli rtuiD 

Xlw »b«rt to tMt further. 

Teuaclt; per .qtun inch 3.IU) |«,u>>do. 


0.'J80-' 1 0.<»i". 


fUnMi bniko euh Hnio in Bpp<T>«. ; ISreaklng lo»d (n.iiloinm), S.aTIt pound*, 
fcro. l.OBO, and l,aau pouuda. 1 Tenocilj p.-r aqorn mib, «,*« p.it>ud*, 


TABLE CLXXIV.— ALLOY OF COPPER AKD TIN. 


fjtwt. >t 7M ponnda. TfOMlly per rigoare iiKb. 787 poundx. 
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TESTS OF METAL& 



RECORD OF TESTS BY TENSILE STRESS— Continued. 

ISi'COHd neriea.'] 
Mkoianical Laboratory, DErAKTMKNT of Enginbekixo, Strvkib Ixstttctb or Ticiboia;t I 

TABLE CLXXV.— ALLOY OF COPPER AND TIK. 

Original mark: Xo. 30 A.— Material : Alloy.— Original mixtnre: 57.5 On. 42^ So.— Bedanj^ vtOm- 

9Ai" X 0.990". 



Te8t«d 4 times ; broke in jaw8 each time, at 800, 
266, 1,166, and 944 pounds. 



Breaking load (roazlmaiii), 1.166 poiuds. 
Tenacity per square inch, 1,900 poonda. 



TABLE CLXXVI— ALLOY OF COPPER AND TIN. 

Original mark: No. 'S& B.— Material : Alloy.— Orijdnal mixture: 57^ Co, 4S.5 Sn.— Rcctangolar Mdkl 

0.1W8" X 0.1»97". 



Broke in jaws, at 066 and 1,530 pounds. 
Breaking load (maximum), l.t'tSO pounds. 
Tenacity per square inch, 1.5.'>3 pounds. 



[No. 40 was broken by the transverse tMt ii 
pieces too short for tests by tension.] 



TABLE CLXXVIL-ALLOY OF COPPER AND TIN. 

Original mark: No. 41 (A— C).— Material : Alloy.— Original mixture: 47.5 Co, SS.5 ^.— Bectu^ 

section, 0.968" x 0.985". 



Tested fenr times; broke in jaws each time, at 
1,830, l.TJO. 690, and 1,360 poan(U. 

Tested a fltth time, when the piece broke in the 
middle, at 1,720 pounds. 



Breaking load (mazimnm), 1.830 pounds. 
Tenacity per square inch, 1,919 pounds. 



TABLE CLXXVriL— LLOY OF COPPER AND TIN. 

Original mark: No. 41 (E—D).— Material : Allov. — Original mixture: 47.5 Cu, 53.5 Sn.— Rectsn^ 

seel ion, 0.962" x 0.9d5". 



At 1,340 pounds, broke 2 inches from K end. 
At L, 160 poundH. hruk«> in jaws ^ inch from K end. 
At 1,3'^ pounds, broke 2 inches from D emL 



Breaking load (maximum), 1.340 ponndfl. 
Tenacity per square inch, 1,414 pounds. 



TABLE CLXXIX.- ALLOY OF COPPER AND TIN. 

Original mark: No. 41 (B—E).— Material: Allov.— Original mixture: 47.5 Cu, 52.5 Sn.— Reetanct 

section, d.yOO" X 0.990". 



At 2.120 ptmnds. broke 1 inch from E end. 
At 2.750 pounds, broke 2 inches from E end. 



Breaking load, 2,750 pounds. 
Tenncit}' per square inch, 2,894 ponnds. 



TABLE CLXXX.— ALLOY OF COPPER AND TIN. 

Original mark: No. 42 (C—E).— Material: A lloy.— Original mixture: 42.5 Cu, 57.5 Sn.— RecttOipi 

section, 0.992" x 1.004". 



Tested 4 times; broke in jaws each time, at 
760, 8,264, 1,470, and 1,034 pounds. 



Breaking load (maximum), 2.264 ponnds. 
Tenacity per square inch, 2,273 pounds. 



TABLE CLXXXI.-ALLOY OF COPPER AND TIN. 

Original mark: No. 42 (F—B).— Material: Allov.— Original mixture, 42.5 Cu, 57.5 Sn.— RcctaDgn 

section, 0.995" x 0.9»7". 



Broke at 1,890 pounds 3 inches from B end. 



tl 



Tenacity per square inch, 1,924 pounds. 
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I RECORD OF TESTS BY TENSILE STRESS-ContimiP.!. 

tCAi. LUIIOIIATOHT, DEPART1(E<<T of EN'OimEKIXn, SriVIIH IKBTITI'TE OV Tcc^aiiouX'T. 

I TABLE CLXXXn— ALLOY OF (JOPPEK AND TIS. 

bfc: No.»A.-Uiilerlal: Alli>ir.~OrlglD>lmIitare:3T.5Ca.6a.SSn.-Dliiiep*l<>Ds; LenMh, 
r i". Ulimritsr, 0.79H". 



TABLE CLXXX III.— ALLOT OF COPPER AND TIN. 
Bl: No. » B.'MatcrUl ^ > 

ft (nnn B Bud, at 1.000 ponods. I Tenuity per aqnare inob, 1,000 pouncla. 

tlcM dun 0,01 ioeh. 



TABLE CLX.XXIT.— ALLOT OP COPPSB ASD TIM. 
^ : No. 4< A.— UntetU % Alkiy.—Orii^iii^ '"'^l"!^ : 31.5 Cu, BT.S So.— Dlmsuloiia ; LaDgth, 



llddli, at TSS pdaniU. 
Haa Hum 0,01 mail. 



leulbi 



1,100 pound L 



TeuclLy per iqiuFa toob. i,WI> ponnda. 



. SiunaUr, O.ns''. 



Tanaclt; par aqoate Inob. i,Sili ponnda. 



TABLE CLXXXV— ALLOY OF COPPER AND TIN. 
t J(i>,«B-—ll»tCTltai Alloy.— Original mfiliiw: M.;.Ca, ei.SSu.—DimennloBi: Length, 



Tenaoll]'. S.OSS pounds per aqoa 



TABLE CLXXXVL— ALLOY OF 

k: So. *5 i — MBWrkl: Alloy .-Orifiinid mill 
~ *'. IHaniBWr, 0.1 



AND TIN. 
u,1S.iSn.-Dliiien 



ijM pMuda, H Inohaa frau C end. 



TanaoICy, 3.36D ponnda per aquira InoL 



TABLE CLXXXTIL-ALLOY OF COPPBK AND TIN. 

^: Ko. IS B.— Untarial : Alloy .—OriElnal miitare : 2T.S Cn, TS.3 Sn.- DIuenalDUB : Lengtli , 
V: Ulamuter, 0.1K". 

to ponnda, 11 Ineliei from D end. Tenaally, i,¥IO poonda par aqnara loub. 

TABLE CLXXXVni.— ALLOY OF COPPER AND TIN. 

; Na« A.-UMorlltli Alloy.— OrlglDiI mlitnn : IS-S Cn, 7T.3 Sn.- DIbibuIodb: LeDglh, 

a ponnda. 1 innb ftom C and. ! Tenadty. 4,aD0 pooads per aqnara tneb. 
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RECORD OF TESTS BY TENSILE STRESS— Continued. 

^Second series.'] 
Mechanical Laboratory, Dkpaktmbnt of Engikeerikg, Stetkns Ikstctutb of Tkch.noi 

TABLE CLXXXLX:.-ALLOY OF COPPER AND TIN. 

Original mark : Na 46 B.— Material : AUov. — OrigiDal mixtnre : 23.5 Co, 77.5 So.— Dimensions: 

5". Diameter, 0.79b". 



Load per 


EloDgation 


square 
iucb. 


in 5 inches. 


rouTids. 


Inehei. 


80O 


0.0015 


1,600 


0.0058 


3,000 


0. 0070 


8.400 


0.0090 


8.800 


0.0109 


3.300 


0. 0134 


3,600 


0. OHO 


4,000 


0.0157 , 


200 









Set 



Elongation in 
parts of origi- 
nal length. 



Inekea, 



0.0096 



.0003 
.0018 
.0014 
.0018 
.0033 
.0035 
.0037 
.0031 



Load per 
square 
inch. 



Elongation 
in 5 inches. 


Set 


Elongati 
parta 
inalle 


0.0164 
0.0188 
0.0813 


Indies. 


.0 
.0 
.0 



Pounds. 
4,000 
5,000 
5.800 

Broke Just as beam rose 1| inches from 
Diameter of fractured section, 796 ixn 
Tenacity per square inch of original 
5,800 pounds. 

Tenacity per square inch of fractured 
5,837 pounds. 



TABLE CXC— ALLOT OF COPPER AND TIN. 
Na 47 A.—Broke in handling. 

ALLOY OF COPPER A^TD TIN. 

Original mark : No. 47 B.— Material : Alloy. — Original mixture: 17.5 Cu, 88.5 Sn.— Dimension* 

5". Diameter, 0.798". 



Broke at 1,408 pounds, 1& inches from D end. 

Elongation not measured. 

Tenacity, 8,816 pounds per nquare inch. 



Diameter of fruotnred section, 0.797 ioc 
Tenacity per square inch of fractured 
8,828 pounds. 



TABLE CXCI— ALLOY OF COPPER AND TIN. 

Original mark : No. 48 A. — Material: Alloy. — Original miztum : 18.5 Cu, 87.5 Sn.—Dimensions: 

5". Diameter, 0.798". 



Broke in middle, at 1,708 pounds. 

Elongation not measui-ed. 

Diameter of fractured section, 0.795 inch. 



Tenacity per square inch of original 
3,416 pounds. 

Tenacity per square inch of fractured 
3,440 pounds. 



TABLE CXCn.— ALLOY OF COPPER AND TIN. 

Original mark: Na 48 B.— Material: Alloy. — Original mixtnre: 13.5 Cu, 87.5 Sn.— Dimensions: 

5". Diameter, 0.798". 



Load per 
square 
inch. 



Pounds. 

800 
1.600 
3,000 
2,400 

300 
2,800 
3,200 
4,000 

200 
4,180 



Elongation 
in 5 inches. 


Set. 


Inehes. 
0.0022 
0.0097 
0.0160 
0.0224 


Inches. 

6.'6l73 
'6.'6496 


0. 0310 
0.0407 
0.0551 



Elongation in 
parts of origi- 
nal length. 



.0004 
.0019 
.0033 
.0045 



.0063 
.0081 
.0110 



Diameter of fractured section, 0.795 iorl 
Tenacity per square inch, ori^nal 8ecii( 

pounds. 
Tenacity per square inch, fractured sectii 

pounds. 



Broke in middle. 



r 
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liEfOHD OF TESTS BV TENSILE STBE.SS— Couliimcd. 


[,S'w»ifd,mV«.] 


TABLE CXCIIL-ALLOiT OF COPPER AND Tn*. 


S".— DUmeUsr. D.TBiS". 


tnSlDOlwii. 


Sot. 


Elimnllna In 
pirta ot orlel- 


BreakioK Iniul. ".IW pouuil* iier sqaare inoli. 














oonlwriaid. 3,iJW poandi per aqiure loub orlniul 




















Inal by th" Hml tm. tho apparrnt InDaoit^ prr 
























Upk^^^ 








M8dbf ■train. RBdoee.l 








I Brok« la mldJl* 




' TABLE CXCIV.-ALLOY OF COPPEK AND TIN. 






iDfifS^bM 


Sat. 


El'ltn^b?^*'" 


riamotn- of rrnotnTod •eotlon. O.oeo loch. 






































.ODIS 




l....^!:i. 


*ROM* 


















































































btetan. I.IMS luch™, sa.oa. 




TABLE CXCV.-ALLOT OF COPPER AND TIN. 








fe 


Set. 


EtooeKtion in 


mrcromeWt wa»M Zl rjll>.5"l "fiiVuiw.'"'Tli' 








































^^ 




TcDiiJe utrCDKLb par «qaiir« Inch of fracttireil 


















RHHI 








































ifCODUnnad 9 inliiuttw. EluDgittloii 
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TESTS OF METALS. 



RECORD OF TESTS BY TENSILE STRESS— Continiiea. 

ISecond series."] 
Mechanical Larobatoby, Dep.vrtukxt of Exgixeerixg, Stkvkxs Ixstttlte of Tecuxologt. 

TABLE CXCVI— ALLOY OF COPPER AND TIN. 

Original mark: No. 50 B. — Matorial: Alloy.— Original mlxtnrp: 2.5 Cn, 97.5 Sn. — ^Dimension*: L«i 

5*'. Diameter: 0.798". 



^n.^l! Elongation 
square ;„e:2^i.^- 



square 
inch. 



Pounds. 
1.200 
2,000 

200 
2,400 
2,800 
3,200 
3,<K)0 
4,000 

200 
4.400 
4,800 
5,200 
5,600 



in 5 inches. 



Set. 



Elongation in 
parts of origi- 
nal length. 



Inches. 
0.0057 
0.0255 



Inches. ! 



0.0195 



.0011 
.0051 



0.0347 
0.0460 
0. 0515 
0.0707 
0.0775 



0. 0757 



.0060 
.0092 
.0103 
.0141 
.0155 



I Resistance decreased farther and piece bru 
> inches from B end. 

i Total extension measnred after breaking 
inches : per cent, of length, 39.00. 
Diameter of fVactured section, 0.530 inch. 
Tenacity per square inch of original ^ectioo, 
, pounds. 

Tenacity per square inch of fractured le 
(dividing* maximiun load by final arra). 1 
pounds. 



0.0945 

0.1275 i 

0.1900 ; 

0.3275 

5, 600 Continued 2 minutes. ! 
IMece extended rapidly. 
K«>Histance decreased to 5,000, at which 
fur 1 minute. 

5, 000 I 1. 8120 



.0189 
.0255 
.0380 
.0655 



it continued 
.3624 



RECORD OF TESTS BY COMPRESSIVE STRESS. 

Mechanical Laboratorv, Df.pabtmknt of ENcnNKEBixn, Stevkxs IxsTmrrEOF Techsou> 

TABLE CXCVII— CAST COPPER (FLUXED WITH FLUOR SPAR). 
Material: Cast copper. — Laboratory number : 525. — Dimensions: Length, 2''. Diameter: 0.(K^ 





Compres- 


Load per 


1 
CompresMion in 




Compres- 


Iy>ad per 


Compre* 


Load. 


square 


jMirU* of origi- . 


I^OiUl. 


square 


I>arta of 




HIOU. 


inch. 


nal length. 


Pounds. 


sion. 


inch. 


nal lea;! 


Pounds. 


Inehee. 


Pounds. 




Inches. 


Pounds. 




1,000 


0.002 


' 3,2.59 


. 0010 


13,000 


0.345 


42, 373 


.17 


2,000 


0. (M)7 


6,519 


. 0035 


14,000 


0. 415 


45,633 


.ai 


3,000 


0.010 


9,77« 


.0050 


15, 000 


0.474 


48.892 
52,152 


.a 


4,000 


0.015 


13, 038 


. 0075 


16.000 


0. 5.52 


.27 


5,000 


0.019 


16, 297 


. 0095 


16, :)00 


0.581 


53, 782 


.a 


6,000 


0.022 


19,557 


.0110 


17, 000 


0.611 


55,411 


.30 


7,000 


0. 028 


22.816 


.0140 


17.500 


0.548 


57,041 


.32 


8,000 


0.048 


26, 076 


.0240 


22, 000 


1.26 


7L709 


.63 


9.000 


0. 092 


29,335 


.0460 


Removed 


piece. 






10,000 


0.146 


32, 595 


. 0730 


At 9.00( 


) ))Ounds a 8 


light double 


curve «■; 


11,000 


0. 201 


3.'>, 8.54 


. 1005 


HerviKl ; 


at 10,000 tb 


le [reaistonc 


e dccivft* 


12,000 


0.279 


39, 114 


.1395 

1 


9,700 in 2 


minut4!M. 
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RECORD OF TESTS BY TORSIONAL STRESS. 

ISecond «eri>«.] 

TABLE CXC VIII.— COPPER AND TIX ALLOYS. 
Kesults op Tests, Calculated fbom the Autograi'Hic Strain Diagrams. 



B 

5? 



31 A 
B 
C 
D 

32 A 
B 
C 
D 

33 A 
B 
C 
D 

34 A 
B 
C 
I) 

35 A 
B 
C 
D 



.2 

o 

2 

<3 



o 
£ 

o 

•a 

a 



Ordinate. 



S 

J 



in. 
55 



A'7 
3. 

0.80 

L46 

L97 



Degrees.' Inehei. 
53 0. 85 



9.96 

6.72 

11.65 

10.38 

L91 
L66 
3.51 
0.85 

0.32 
0.61 
0.31 
0.16 



29 
28 
41 



20. 99 204 

20. 41 207 

la 75 1 153 

22. 58 ' 185 



73 
55 
82 
73 

14 
13 
21 

8 

4 

5.5 

5 

3 



0.35 
0.65 
0.63 

L45 
L50 
1.50 
1.60 

1.75 
1.55 
L80 
L80 

L90 

L95 ; 

2.15 ' 
L70 

L50 
2.10 
1.00 
L35 






Inches. 
0.30 
0.20 
0.30 
0.30 

0.40 
0.40 
0.50 
0.60 



Torsional mo- 
ment. 



J 
I 



Ft^bs. 1 
89. 69 
39. 28 I 
69.53 ' 
67.51 I 

150. 17 I 
165.22 
155.82 I 
165.30 



0.65 , 180.42 

0.60 160.85 ' 

0.70 ; 18.5.46 ' 

0.60 ' 185.46 

I 

0.90 I 105.54 
0.90 ! 200. .58 
1.00 220.74 
L 10 I 175. 38 



L 40 155.22 

1. 60 • 21.5. 70 

0. 80 104. Ml 

0. 40 140. 09 



•a 

^ a 



Ft.lb». 
34.24 
24.16 
34.24 
34.24 

44.32 
44.32 
65.27 
64.49 



145. 13 

Ifti. 29 

84.65 

44.32 



a 

■I- 

U 

^ O 



0. 0409 
0. 0124 
0.0110 
0.0247 

0.4960 
0.50K2 
0. .'{024 
0. 4206 



69.53 ; 0.0763 

65.33 I 0.0440 

74.57 0.0055 

64.49 0.0763 

I 

94.73 0.0029 

94.73 ' 0.0025 

104.81 ; 0.0065 

114. 89 0. 0010 



0.0002 
0.0004 
0.0004 
0.0001 



Ft.lbt. 
66.14 
16.10 
27.04 
37.61 

383. 45 
:i73. 46 
306. 32 
410. 10 

180.20 
122. 29 
210. 05 
1K7.0H 

34.57 
30.11 
63.21 
15.51 

.'i.Ol , 

11.11 > 

.5.80 j 

3.02 . 



]l<'nmrkN. 



Di'foi'tlvo Imr. 
Ih'ftTtlvo Imr. 
Ih'fiM'tlvo iMir. 
l)«*fi'<'.ilv« Iwr. 



i 

V 

i 

X 




36A 



0.10 



3.25 3.25 138.76 138.76 0.00003 



tnehea. 

0. 76 ' 0. tnr» VL :a 



B 



0.05 



L28 L2d 133w04 133.04 0.00003 



0. 01 0, Vfi 34. 51 



37A.. 
B .. 


0.18 
0.10 


L5 
Le 


2:4.% 

2.55 


2L45 
^55 


lOTiuOS 
100.25 


10.y 0(3 
100,25 


0.0001 


1,37 
0.70 


tf.VJff 

* 


2«. 10 
•34. V, 


38A.. 
B .. 


0.03 
0.005 


0.5 
0.4 


0.30 


3.LS 

0,» 


134, .SI 
10,10 


134. S4 
10,10 


0. MOOl 
O.OOiMn 


0,34 
0,«» 


O.OJ.'f 
0,045 


35.44 

2L>rF 


39—.. 


0.02 


0.5 


HG 


net 


291,32 


28L32 


0.00091 


0,l< 


MO 


A.M 


40 A.. 
B.. 


0.002 
a 016 


f.3 
Ol5 


0.6 


«l5« 


20.IS 


22. A4 
29116 


0,<ywr>l 
0,M«OI 


O.lfZ 
0,14 




6.« 


41 A. 
B .. 


0.025 
0.06 


1 

I 


LM 
L«» 


LM 


5«.JM 


«li7d 




0,20 

«l4; 




IT, XT 

i>tT.; 


42 A . 
B.. 
C .. 


0.06 
0. lU 
0-05 


1 
1 


LT5 
L>» 


L75 


75« 
4X01 


7:St28 


«M^ 

o.4n»» 

0. ¥i0ltVi 


♦ 47 

♦ 40 






43 A.. 
B.. 

c 


O.flC 
O.'XI 
O.W 
Ou«S 


LS 
I 


«4^ 


4LftS 
4t.M 


12: » 

lO 
I3L49 


12: 3» 
13. 4» 


0. <MHiK2 


4 U 

A. I* 






44 A. 
B.. 
f 


o.iii> 

0.23 


% 


4> ¥^ 

<i ir; 


4i«» 




I4u?> 




♦. ir 


•^ 




45 A.. 
C .- 


0.*7 


11 


4 M 

i>i 


4 Vl' 

Lift 
L.>it- 


U7> 






Lit 
•i 'A 
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RECORD OF TESTS BY TORSIONAL STRESS— Continued. 



t 
I. 

t 





^■4'^' 










0.39 
















2.11 








H.S1 




(LOG 






























' 


2S.W 



^ 


OrdlDttfl. 


Tondoiul mv- 


II 




i 
















rf 


u 


KrtBfil 


^ 
^ 


1 


l| 


3 


|i 


i'l 


1 
1 






/BiAM 






n.J»«. \ 














































fl.OWK 


1.24 1 




O.BJ 


0.M 




0.0001 




























10 


L55 




2J.M 23.33 




«.N 








































l.« 


LOj 


25. M 


IB. 03 







K 


'tm 


d.MK 


5&MI 


15,22 

14, TO 


10.53 
S.II3 


i:n53 

1. liW 


Mils. 
02.081 



RECORD OK TEST.S IIY TRANSVERSE STRESS. 
HKCiumciL Ladobitohv. Difabtubnt or EHaiNiBRiHa, Stuveks Ikbtttitts o 
TABLE CXCIX— BAR OF CAST COPPER. 
Origl all mark; No. 53.— U»t«ri»l : CnppBrrwtjn_^iron innH.— p[nieniion«: Lsagth betmieiim 



IihAu. 


Indu: 


ISS 












«.M5,Ui 






0.0335 


""aows" 


ilawioa 










S'iii 


0.05BO 


""o!bioo" 
















SimisT 



Modnlaaof rnpton, R = 



TESTS OF METALS. 
RECORD OF TESTS BY TRANSVEKHK STRES8-C..n.i 

TABLE CC.-BAR OF CAST COPPER. 
MBk: So.54.-M«terUl: Copper. «>t In Iron mold-^IMBieoriw..: I^W 


455 ^H 

r TstUKOLOiit. ^^^H 


IhSKUtm. 




1 


=.. 


UodolDI Of ^^H 


, O.OI«S 
O-OHS 
0.0105 

cooao 
oiiue 


Jntku. 


13,841.400 

II.'7«b|b30 

I0,*ffl.«» 
e, 551,503 


443 l.« 
«93 l.M 

S43 a.ia 


inisAu. 


■ 




























Iwnt hjr prwure at the eodi till Uh unda touobsd ^^^| 





0.0300 




BnLklKK loiul.V ^im ponnji". ^^| 


auoo 








Mwluluiiut luplul.., It-..^^^ JI,.(W ^^m 














TABLE CCL— BAB OF CAST COPPER. ^^H 

■Kill HB.55.-TlUt«)«l! Copper. ™t In l™ moM.-DiEden.lon.: Lenglh beHreon .uppon.. ^^| 
I^U". Bnwlth, 6 = 0,lt!S". I}eplli.d = a.ll70." ^^^H 


ii 






480 1 0.40M 


^^H 




15,W«,»«T 
l-i. «0, 739 
118IB.»1 










0.3G1S 










0.0001 






D-oan 

e.04T7 

fl.asu 

"i'brii"" 
0.0110 

0.1110 
0.IS93 
O.HUT 


ia,~3oi, lis 

1I,174.IISH 

io,:tf,T!a 








(WO 


1:40 

L30 

B.85 










O.0005 






10,5*0.101 






























^;£s;i^/il!:lir'p'=a<» pound. ^h 

M«luln.ofr<ipt™.H-|^-M,(SSl. ^H 


diiii 




0.8883 








TABLE CCII.-BAR OF CAST COPPEK. ^^M 


IS 

w 

■ ftTTS 
......... 




it,n3,5Sfl 

io.i».add 
ia,o«,w7 


480 
»0 
500 

AM 






'H 














0.0018 






i,3oa,0M 


















o.o«» 

























Brtftkl^R l™d, P = 040 poon"** ^H 
Modulo, ot raptor* B =? ?i = M.aj*. ^H 






O.OTOJ 










k .^ 
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RECORD OF TESTS BY TRAXSVERfiE STRESS— Continaod. 

MeCHASICAL LtHOIUTOKT, DEriKTKKITr Of ESBtHKiOma, STITIXB ISmTDTI or TBSDOLKIi 

TABLB CCIII.-BAR OF CAST COPPEB. 
Original muk: Ho. S7.— Milerli] : Lake Snprrlnr anjijMir nut In tran nuM, 



Hudulns ol 
fllu Unity. 






























Peundi JncAu. 



""o,'ie«" 






MataUIMi 
































Modulua of riiptDrc.B 



0.1*16 
B»iaCui« ileor oMc il tn 



^3lo.lMl^ 






Ran prmsare^oieir do* 

rihnllDiE nil tbn limi about 150 ik 
Bvut wlChQDl bruklnE. 
Bnwklug liHul. P= ISO poanita. 
Modiiloi or ruptoTA, B= -k t^* 



RECORD OK TESTS LY TENSILE STRESS. 

MscnASTCAi. LAnOttiTOBi, Dki'abtmkkt ok BkolibWikd, Stkvbkb DiBTinrTH o» TkcoMIiOft' 

TABLE CCV.— CAST COPPKR (FLUXED WITH FLUOR SPAR), | 

Origln«l mark: So. 51 A,— Uawrial: Copper cut In hot Iron moW, flnied 






BlimeaUon j 



DlSD 



Traclimd owtioD oUlptlcoL 
UlanBlon, CTID and D.7» Incli. 
Taaacltj per vqiuni tucli. orlB<n*l « 



1 
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1 


BECORD OF TESTS BY TESSILE STUESS-Coiitin*..!. ^^| 


■EBASICU LUOBATORV, DEriRTKIKI OF Sx 


IIXEEELia, STRVEXa IXiriTlTTK OF TECIIN'^ILOIII'. ^^^H 




TABL£ CCVL-CAST COPPER (FLUXED WITH FLUOE SPAR). ^^^H 


lul iBHk : So. Gl B.-UaUriiil : Uappar. «> 


in i.„, i .1 _<.!. ,i„ r«..,„ ^^H 




4lonB^ Lengih.e.lD' 












K- 


iDclua. ' 


Inn] IvugUi. 


l>^Dmlt;periqiur<!lliali.orlElii>lHcUoii,llU,4U ^^^H 










Ivusirlly |Hir ■quan Inch, Incluml HMtlm. ^^^H 




















S 






.«II8 
!<M4a 
ioiM 


iHuwlerul tlis plan allor liruklng : ^^^H 






) iDuh tW<ai rncliind ■. 












0,lt 






ir!4ki 
«.iioa 






0.03 
D.SB 
0.30 
O.M 
0.40 




ioSM 

.OMt 


» InaliH from frmtonid 












H InuhM from ft«etiit«l •bMIoo . 














o.« 


























^^1 




TABI^ CCVII.— CAST COPPER. ^^^| 


iulnuu 


k: iro.!BA.-M.wri»l:Copp«o..linii™iiiioia.-Dinieii«Im»: L»iigll.,\BS". Olui». ^^H 






^^H 


4 pm 


BlDnmtlau 


BlmiCUl™ In 1 


Loul per 


BlonmKon 










[wnsoforiK- 
Ul langtb. 








B-S.Sf ■ 


i«b. 






ImJi. 








Jnci«. 


Ineha. 






/•>>««. 


^^H 


i«n 












■^ ^M 






uilMiO 










ofoaji 
























4.0IK) 


u-DOia 




■WOT 


wn 




0.0333 






































i>.Daw 










o.o;<3 


^1 
































leuHclty par Hiuiin! Inuh, Diiiilniil tectlnn, 1BJ4U ^^^^H 














TaoMlEr pec iiiure lub, tnelarei uotliin, ^^H 


10, sot 


0.01M 




.0033 




LJ 
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RECORD OF TESTS BY TENSILE STRESS— Continued. 
Mechanical Laboratory, Drpartmrxt of Engixrerixo, Stevbxs Ixstttute of TicnxoLc 

TABLE CCVIIL-CAST COPPER. 

Origiual mark : No. 53 B.— Material : Copper oast in iron mold.— Dimenaiona : Length, I/'. Di: 

0.79»". 



Load 



per 
Kqnare 
inch. 



row\d$. 

1.200 

2,000 

4,000 

8.000 

8.800 

9. QUO 

10,400 

11.200 

12,00) 

12.800 

13,ti00 

14.400 

15.200 

1H.0OU 

16.0UO 



Elonfcation 
iu5incbe8. 


Sot. 


Inehet. 
0. Ouia 


Inehea. 


0.0024 




0.0028 




0. 005U 




0.0068 




0. 0100 




0.0180 




0.0284 




0. 04H7 




0. 0t>58 




0.0932 




0. 1250 


1 


0. ino7 


.......... 


1984 




0. 2J47 









Elonf^tion in 

Iiartsoforig- 
ual length. 



.0001 
.0005 
.0006 
.0010 
.0014 
.0020 
.0036 
.0057 
.0093 
.0132 
.Oleitf 
.0450 
. 0321 
.0397 
.0409 



Load per 
square 
inch. 



Pounds 
17,600 
18,400 
900 
19.300 
9(»,0OU 
30,800 
31,200 
81.600 



Elongation 
in 5 inchee. 



JncAm. 
0.2857 
0.3236 



Set. 



Eloogat 
inalk 



Ifhchet. 



.o: 

.0 



0.3123 



.a 

.0 

.a 

.0 



a37.'i2 
0.40^ 
0. 4402 
0.4582 
Broke in middle. 
Fractured auction elliptical. Diameters, 
0.707 inch. 

Tenacity per sqnare inch, original sectioi 
poaods. 

Tenacity per aqnare inch, fractured 
27,201 pounda. 



TABLE CCIX.-CAST COPPER. 

Orif^nal mark : Ko. 53 A.— Material : Copper cast in iron mold.— Dimenaiona : Length, 5". Di 

0.798-'. 



Load per 
square 
inch. 

Pound*. 
12.800 
13,600 
14,400 
15,300 
16,000 
16,800 
17,600 
18.000 
18,400 
18,800 



Elongation 
in 5 inches. 



Inches. 
0. 0135 
0.0167 
0.0225 
0.0310 
0. 0121 
0. 05J5 
0.0664 
0. 0744 
0.0818 



Set 



Inches. 



Elonsatinn in 
parts of orig- 
inal length. 



.0037 
.00:» 
.0045 
.0063 
.00-4 
.0107 
.0133 
.0149 
.0163 



Diameter of fractured section. 0.780 inch. 

Fractured surface apongy, full of blowbc 

Tenacity per square inch, original sectioi 
pounds. 

Tenacity per aquare inch, fractured i 
19,673 pounds. 



Broke 1 inch from A end. 



TABLE CCX— CAST COPPER. 

Original mark : No. 53 B.— Material : Copper, cast in iron mold.— Dimenaiona : Length, 5". Dii 

0.798". 



Broke at 9,300 pounds per square inch. The 
piece bent while it was being strained so that the 
elongations could not be determined. 



The piece waa 8i>ongy and fnll of bin 
throughout. 



TESTS OF METALS. 
RECORD OF TESTS BV TENBILK STRESS— Conthnn-a. 

TABLE CCXt.— OF CAST COPPER, 
ileHil: CuppwuH In Iron mold.— DliDeDiiianst Lxn^b, y. Dl»n 



ElnHznlloD In I.a»i1 pnr 
n«n« of nriK- ■(inure 
lual Icogib. iutib. 











































































O.ISTT 





latha. 


IlKJhH. 


O.VH 




0i4S!0 


:::;::.: 



Brake Id Bldmi 
I »Um«Wri>rrn 

Dlikmetrra, l-ifi. 
_TonMi'w piir i 



M.^if 



sras: 


8M. 


KlneS'tftt-"' 


Load p«r 

•CI'" 


Elanntlna 


Sit. 


ElnagHlion In 
Fni'leBBlIi. 


IE 
tS 


fw*H. 

o'onr* 


.0001 
'ooij 

.«H9 
.0023 
.OUdB 


ijTooo 

IS. 000 
19.000 
W,0(M 

sulooo 

'aw 

«);*io 

IHillDBM 
10.B'Jl!"!n; 


iBfhlt. 

o.im» 
oinm 




'.aw 


o.a'iM 
oiaou 


3 


""iam" 


.004.1 

!ao«t 
.ami 




TB'isr 


.OOlJIl 


per iciuire Inoh, 


oritpatt aMiiflD. 
BOUrad BsotloD. 
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I 



RECORD OF TESTS BY TENSILE STRESS— Continued. 

Mecuasical Labobatobt, DiPABTXBNT OF En'oixebbino, Stitbits Ixstitutb of Tbchxo: 

TABLE CCXIIL-QUEENSLAND TIN, CAST. 

Origiiud mark : No. 58 A.— Material: Tin cast in iron. mold. Dimenaiona: Length, S". Di 

0.79«J". 



Load per 
aqnare 
iucb. 



Pounds. 

400 

600 

800 

1,000 

340 

1,300 

1,400 

1.600 

1.800 

8,000 

340 

3,000 



Elongalion 
Id 5 iucbea. 



Inehe*. 
0.0003 
0.0037 
0.0081 
0. 0175 



0.0309 
0. 0133 
0. 0.'»17 
0.0630 
0. 0745 



0.0660 



Set. 



Inches. 



0. 0159 



0.0758 



3,000 pounds per square inch 



Elongation in 
pat ts of origi- 
nal leujcth. 



.00004 
.0005 
.0016 
.0035 



.0063 
.00H6 
.0103 
.0186 
.0149 



Load per 
square 
inch. 


Eloncration 
in5iiJ0hee. 


Set 


Elon^ti 
ptrtic 
iulie9 


Minutes. 

7 

8 

9 

10 

11 

18 • 
13 
14 


Inches. 
0.1861 
. 0.1997 
0. 8176 
0. 3328 
0.8490 
0.8687 
0.8929 
0.3311 


Pounds 





. 0173 
kept constant for 
14 minutes, elongation increasing as follows : 
Minutes. 



1 
3 
3 
4 
5 
6 



0. 1070 
0.1156 
0.1398 
0. 1437 
0.1580 
0.1709 



Resistance reduced to 1,700 poaodapei 
inch, and a crack was obsenrea ou ouew 
1,700 lbs. 0.3610 .fi 

1 min. , 0.4315 ' I .^ 

Re'istance decreased gradually, ami pit 
8 inches from A end. 

The fractured surface had an irrejnilai 
ary nearly elliptical; two diaiuetert i 
0.580 and 0.685 inch 

Tensile strength per sqn'^re iocb. on 
tion, under slow strain, 3,000 pounds. 

Total time of test, 30 minutes. 



TABLE CCXIV.-QUEENSLAND TIN, CAST. 

Original mark: No. 58 B.— Material: Tin ca<it in iron mold. Dimensions: Length, 5". I 

0.798". 



Load per 
square 
inch. 



Pounds. 

400 

600 

800 

1,000 

1,300 

1,400 

1,600 

l.POO 

3,000 

340 



Elonfiration 
in 5 inches. 


Set 

• 


ElongRtlon in 
parts of origi- 
nal length 


Inches. 


Inches. 




0.0005 




.0001 


0.0029 




.0006 


0.0051 





.0010 


0. 0108 




.003^ 


0.0184 




.0037 


0.0393 




. 0059 


0. 0394 




.0079 


0. 0484 




.0097 


0. 0566 


o.'ossi' 


.0113 







Load per 
square 



inch. 



Elongation 
in 5 inches. 



Set 



£lon<;i 
part 
nail 



Pounds. Inches. Inches. 

3. 000 0. 0631 

Stress kept constant fur 3 minutes. 

1 min. 0.0734 i 

2 min. i 0.0881 : .' 

Increased stretis rapidly for 1 minute, 

broke at 3. .530 pound.<i per square inch. 
Total tiniu oi test, 8 minutes. 
Diameter of fiactured section. 0,543 ii 
Tensile strength persquare inch, origii 

under rapid strain, 3,530 ptmods. 
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I BY TORSIONAL STRESS OP EXTRA PIECES OF COrPEK AM) TIN. 

CU.rUL*TID FBOH mi AUTDORAPniC Steajh DuaUHS. 
IA8LS CCXV.^LA,K« STJPERIOB COPPBB. 



Knaof 


ar 


ordiuu. 


Ordrniitf 


Uuiman. 




Eitenilon 
ofeiterlor 

aoie. 






o 


IwHuM. 


/mA« 


Pf^nund* 


FL-jiimndi.- 




fl -KWluf. 


















































S.M 


U» 


D.BS 


o.sa 


ll(I.U 


M.M 


u.n(i 


ISO. 81 






































ISO 










3M.53 










11« 01 






imsH 


































nu 


39 






BD.IIU 






et.n 


*.vs 


im 


0.T0 


CM 


mw 






so. 40 


















B.3S 


113 


1.00 


0.30 


msi 




O.I*M 








TABLKC 


CXVL-QU 


EEKSLAin 


TIN. 








(lis 


DBS 




1173 


loa 


1.3911 


178.01 


















K-OO 


KI7 


e.ett 


0.90 


10.i:!« 


4.0d 




i».a) 



































^ KKCOKD OF TESTS BY COMPRESSIVE STUF.SS. 

auUCJiX LAHOtUTOHT, DBrAHTHENT OV ENaillERHINa, STEVKHS tHBTTTinK Ot TKBX0U>Ot. 

TABLE CCXVTI.— ALLOY OF COPPEK AKD TIN. 
mark: So. 31.— UnUrial : Alla(.-0ri|:lDa1 mUture: 01.S Ca. 1,3 So — Aoalyiis: 00.00 Co 



lm;b"° 



1 per CoiaprFsilaii la 



S1.19S 

• Wedge cisokad off U Die top. 



<3SD.--Uliueii;idnB: Lcugtb, S 
S9,OO0 



10, M7 
SB. 073 

30. lit 

«S,I»3 




.ojjo 13(1. no 



~ 






1 


■ 
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EECOliD OF TESTS BV COMl'RESSIVE STRESS-CoutlniKd. ~l 










TABLE CCXIX.-ALLOT OF COPPKB AND XIH. 1 




OHginal innrk: No 


.13— M.I.H1I: ATlnT._OrlBliuil mlKiiT*: OT.3 Ca. 1*.S Ro.-Ani^rril: Hmofl 


Loul. 


"■="■ 


Lowl p«i 
lavh. 


CoinlirBiBiion In 


I^. c«j*«.. 


Load iwr 


mirJ 


AHIwtl ' l„ckH. 


P0««J.. 




Po«^.\ 7«*„. 1 iW.!.. 


1 




ISO .0000 






34.0011 1 .33J4 


78.838 


.un 1 




4.000 .MH 


'■"UM^" 


.0007 


28.000 .3.^73 






M 




1^000 ' .oas§ 






9<J.«0D 


.4ai» 


ei.860 








8,000 .0170 










oi.Tta 




UN 




iftooo .o;m 


aaiws 


'.0\<(1 


aioM 


:48i3 


04,303 




Ml 






38,114 








tKirti 








14.000 !llW 


4S.e33 




Vouo 












ni,iioo .im 


siiaa 




3^000 




as) 800 




« 




ia,DO(l .210* 






40.000 


.0134 


30.379 




Jilt 




SO^OOO .»MH 


Mjas 




4-iO"0 




^^a« 








«,DO0 1 .S9UI 


71. TOO 


.1481 




!mi 




..», 




TABLK CCXX-ALLOT OF COPPSR AKD TIN. 1 




OtiKlul III»k: KD. 


34.-M.t»rluh A1Inr._Origliiiil mlxtuni: SLi Co, 17.3 8n.-An.lrid.: AHM 


ISO 


.0000 




J 3^^000 


.8111 


104,303 


.,» 1 




10.000 


.0001 


nsM 


.00095 £kooo 


.9381 






UN m 




13.000 




30. lit 


.M^ . 30.000 


.S7U4 






vm 1 




Rono 




tim 




W.00O 


.m8§ 


iotIhw 




IW 1 








.viisa 


:o^? 




.3396 


130,378 




UH ■ 




laooQ 




5«.s;t 




4^000 




130.808 




.f^J 




mono 


'.Moa 


iSisa 




44,000 




143,411 






i£l,0DD 








■ 




«,D00 




Tf^na 




•A w«l((e..li«po.l pt6M ilM offw till U*m 




HOOO 




B4.747 


.KM 


■ ptHfl ciwkvd <>(r u tha lH.LU>n., II nt^ 




38,000 




Bl.«lfl 




cracked limll^ at Ibe mldcUe. ■ 




30.000 


.ITOS 




.0833 


J 








liriglMl niBrk: No. 


35.-MMeri.]: Alloj.-OrrBlB.! m\ilan: 17.5 Co, 9i5 Rn.-AMi5,l.: TJJI J 


IM 


0000 




1 ( 


ll0,8fl 


,» 1 






lOMHI 


""4i.'m" 


."ojWi (,|0M 






wi m 




kCooo 










m«io 




tm 1 




18.000 




59. nil 






130,370 




OM I 




90.000 




eaiias 




4-1. OUO 








DM 1 




W.OO0 




Tl.lOB 












«TU ■ 




iu.ooo 




78.938 


iooeo 


♦oiooo 


laUJJ 1 1«,M4 




UHI 1 




so. 000 


. Ol.ns 


84,747 




M 








»l,3M 




The gpselnmn wm vFMkcd k lllUo U Ihlfl 
Hid to stop 00 aocaunl uC Iha oapHtV^V 




30! 000 


'.Dim 








:iio«o 


.OJH 


loilwa 


.0171 


J 






TABLE CXXII.-ALLOT OF COPPBK AKD TIN. 1 




OrlgiBil m«rk ; Ko 


43— Untvriil ; Alloy.-OrlKlDml mlilan: 37.S Cn. 08 5 Sn.—Anil}^: TI,UB| 


Load. 


Cojnp™.. 


Loafl per 


^m?f''o''ria" 








■ OD. 


i^<±y 


unl hagtb. 




Pnndt 


ItuHm. 


iW-«I». 








.0000 










9, HO 


.oost 




-ooS 




1 


*.m 


(■) 
















^ 


^^^^ 


r 


1 
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RECORD OF TESTS BY COMPRESSIVE STRESS— Continued. 

HANICAL LABOBATORT, DBPABTMEXT OF BNOISEBRDCO, STBVKXB I>*8T1TUTK ok TSCUNOLOOr. 

TABLE CCXXni.— iJLLOY OF COPPER AND TIX. 

ImarlE: No. 44.— Matedal : Alloj. — Orlflrinal mixture: 33 5 Cn, 63..'i Su.— Analysis: 30.7G Cu. 
69.19 Sn.— Dimensions: Length, S". Diameter, 0.6*25". 



Comprea* 
sion. 



Load per Compression in y Brokeby awedfce-shaped pieco sliiliug offof the 
square ; pats of orig- i top; the bottom cracked, 
inch. ! inal length. 



Inches. 

.0000 

.0010 

.0081 

Lifted the 

beam. 



Pounds. 



9,778 
13.038 
16,397 



.0005 
.0040 



TABLE CCXXIV.— ALLOY OF COPPER AND TIN. 

1 mark: No. 45.— Material : Alloy.— Original mixture : 37 5 Cu, 72.5 Sn.— Analysis : 26.62 Cu, 
73.18 Sn.— Dimensions: Length, 2". Diameter, 0.625' . . 



.0000 
.0019 
.0062 
. 0182 
Lifted the 
beam. 



6,519 

9,778 

13.038 

16,297 




Crushed by having a wedge-shaped piece slide 
out of the middle of the specimen. 



TABLE CCXXV.— ALLOY OF COPPER AND TIN. 

Imark: No. 46.— Material : Alloy.— Original mixture: 32.5 Cu, 77.5 Sn.— Analysis : 28.10 Cu, 
77.58 Sn.— Dimensions: Length, 3". Diameter, 0.625". 



.0000 
.0«)28 
.0057 
.0103 
.0227 
Lifted the 
beam. 



3,259 

6, 519 

9,778 

13,038 

16,297 



.0014 
.0028 
.0051 
.0113 



Broke by wedge-shaped piece sliding off the 
specimen near the bottom. 



TABLE CCXXVL— ALLOY OP COPPER AND TIN. 

1 mark : No. 47.— Material : Alloy.— Original mixture : 17.5 Cu, 83.5 Sn.— Analysis : 16.70 Cu, 
83.23 Sn.— Dimensions: Length, 3". Diameter. 0.625". 



.0000 

.0006 

.0051 

Lifted the 

beam. 



3,259 
6,519 
9,778 




The specimen crushed by having a wedge-shaped 
piece slide out at the middle. 



1 


^H 
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RECORD OF TESTS BY COirPEESHIVE STRESS— Continued. 1 


MiciiAXicAl. LABOMTOKt. DurAnTHIuaT or EsomrtiiiiNo, Btevum IBBTITUTI OF TuiinouJ 


TABLE CCSSVII.-ALLOY OF COPPER AJSD TIS. 1 


r~l*<rtl..*1 tnHt-lc X'n Jn \fBtBrl>l > A llrto /"Ipli-li-al mlvr.tfiA - 1^ ^ ftt B- ^ 4n A okL.L. - t1 diJ 


mijEiiiii nmTK: bch ifl. — uiii4iruir &jmy. — uriKiniu miiiure: i^-^ i^u^ ffirS &n. — AuaiTUfl: iir^H 


LOMd. 


Uotnpn*. 
iloD. 


Ldad pur 


KiT^.h-?"- 


Tbf apKlnrii wb> broken by Larlu a iJ 

.^ 


/iwHIrfl 


7<hAu. 


Paundt 




150 












!ooo» 


""3,^09" 


.MOis 




alwH) 




6, SIB 






3. (MO 


loflii 


0,778 


!o»s 




4,IXH) 


LilW th« 
Iwam. 






^ 






~ ' 1 


TABLE CCXXrnL—CAST COPPEB. 1 


Orlglnalnurk: Na 51 B.— Uateriitl : Cut eoppcr-Dimea^ODa^ LBngCh.a"' tHAmcter. OLI^fl 





Loud per 




,. .„ ■ 1^ P«r 




LmiL 


"»"■ 




pula of urUI- 


Load. 




paniofa 




l^S*" 


Slanph.* 




1 ""'^ 


ulk«(ia 


n.undi 


Iittut. 


Fm-^. 




P«.ndi 


7«Au. ItuiuU. 




ISii 










.«Kl «5,1M 




f 000 




DOOO 


"Vxok" 


.0003 


SbtOOO 


.7205 7i;70» 


:jhj 


11,000 




(lOffl 


IB, .W7 






.TIM 1 T8,»a8 










W.07.t 




an^ooo 


.HdlS 1 B4,717 




luiooo 




IMO 


WSil-i 


!a7Mi 












srm- 


3U, IN 




mIdod 


!»7S3 sjIibs 


.tail 


14.000 




am 


«,iaa 


!l80l 


3!t.000 


LD3Dil 1 10I.3US 




111,000 




Ufa 


Sltl.'id 




apedmen did dM ahuw u; oraok^ Inl aam 


ia.o«o 


.Mil 


S&(I71 


.S7M 


natauaddoWB. ' ^ T 


TABLE CCSXIX.-CA8T COPPBR. 1 




M 


ISOI 0«H» 




a), 0011 1 .0015 


6S,18« 




0,^ 




"ii'mT"', VdiJo 


8. ODD 




w.om .70«s 


71.70B 


1 


10,000 


im \ 3ts«5 .0.1-0 


ai.OOO .TOilS 


7H.i(8 




It 1100 


au5 *i, in 1 .utw 


811,000 .II003 


8I.74T 


'.m* m 


ii.ooo ' 


(Jm; ' v-.(ia .in:t 


U'.nuo .MM 


HI. MO 


.m* ■ 








TiBLK CCXXX.-CA8T COPPER. 1 


Otllllnal mark : Xd. 33.— Mttehil : Cut copper.—DimeBdotia: Lmfftb. S". DlimtMr, D.Ot^'^ 


IW 


0000 






18, coo 
so, 000 


.3194 1 58. m 


srI 






is,(»e 


.0030 






6MM8 


ti.OOO 






IHMJ 


.oorj 


naooo 




4001 


v.iat 


.w» I 


«,OVU 






96.075 


.0M9 


84,000 






711 *M 


.»• I 


mooo 






3il,»5 


.am 


waiio 






64,747 


-IM 1 


n(,ooo 






a»:m 


.»M3 


1i?.00.> 






91 3M 


.ani 1 


H,ooa 








.0^^ 1 


30,000 








.4UK J 


10.000 


lain 


59.1Si 


.ISOS 
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PHOTOGRAPHS OF FRACTURES 



OF 



COPPER-TIN ALLOYS. 



_ .1 



PLATE No. 1. 





^K ^^^ •::^^ J^^4 



^^J 



V'^":i/ Tf^y 



J 







k #^^ 




# 




r 






i 



.... ■>-'^-' 






J 

1 
i 



I . ■ 
'. ■ •. . ^ '_ 



1 




— Mi B W^ 



M 









W^ 





W^ fW^ 






VMM 










r 



r 



I- 



GRAPHICAL REPRESENTATIONS 



OF TUB 



PROPERTIBS OF COPPER-TIN ALLOYS. 



PLATE 



PLATE 
PLATE 
PLATE 



PLATE L— Tests uy Traxsvebsb Stress. 

Modulus of Bupture in Pounds. 

^lodulns at Elastic Limit in Pounds. 

Total Deflection in Inches. 
PLATE n.— Tests by Texsile Stress. 

Tensilo Strength in Pounds per Square Inch of Original Section. 

Tensile Strength in Pounds per Square Inch of Fractured Section. 

Tensile Strength at the Elastic Limit 

Total Elongation in Part« of Original Length. 
PLATE III.— Tests by Torsional Stress. 

Maximum Torsional Moment in Foot-Ponnds. 

Torsional Moment at Elastic Limit in Foot-Poonds. 

Keailience in Foot-Pounds. 

Extension of Exterior Fiber in Parts of Original Length. 
IV.— Tests by Comtreshive Stress. 

Crushing Strength in Poimds i>er Square Inch. 

Total Compression at Maximum Load in Parts of Original Length, 
v.— Mean SrEciFic Gravity. 

YL— Variation of Analyses from Original Compositioicb. 
VII.— Comparison of Transverse, Tensile, Torsional, axd Compbhsbive Besbtu 

Transverse Modulus of Rupture in Pounds. 

Temtilo Strength in Pounds per Square Inch of Original Section. 

Crushing Strength in Pounds per Square Inch. 

Maximum Torsional Moment in Foot-Pounds. 
PLATE vn I.— Comparison of Transverse, Tensile, and Torsional Kbsibtaiicbs [ScaleSali 

Transverse Modulus of Kupturo in Pounds. 

Tensile Strength per Square Inch of Original SeotioiL 

Maximum Torsional Moment in Foot-Pounds. 
PLATE IX.— Ductility as Suown by Transverse, Tensile, and Torsioii Tests. 

Total Transverse Deflection in Inches. 

Tensile Elongation in'Pnrt^ of Original Length. 

Torsional Elongation of Exterior Fibers in Ports of Original Length. 

PLATE X.— IvKSILIENCE TNDER TRANHVRRSE AND TORSIONAL STRESSES. 

PLATE XT.— MoDiLi of Ei^vkticity from Transverse Tests. 
PLATE XII.— SrKciFic Gravity — Authorities Compared. 

Authorities: United States Board, Kiche, Mallet, Calvert and Johnson. 
PLATE Xm.— Tenacity- A UTiKniiTiER Compared. 

Authorities : United States Board, Mallet. 
PLATE XTV.— Heat and Eijcctric Conductivity. 

Heat Conductivity — Calvert, and Johnson. 

Electric. (Jonductivity — Matthiessen. 
PLATE XV.— IIaudnkw*, Malleability, Ductility, Fusibilitt. 

Order of Hardness — Mallet, Calvert and Johnson. 

Order of Malleability — Mallet. 

Order of Ductility— Mallet 

Order of Fusibility— Mallet. 



RECORDS OF INDIVIDUAL TESTS. 



PLATE XVT.— Deflections by Tiiansverse Stresses. First Series of Tests. 
PLATE XVII.— DKFLEfTiosR BY Tra.\8Ver8eStrf.88R8. Sccoud Series of Tests. 
PLATE XVIII.— Elongations by Tensile Stressfj*. First Series of Tests. 
PLATE XIX.— Elongations by Tknkile Stresses. Second Series of Tests. 
PLATE XX.— C0.MPUK8HIONB BY Compressive Stresses. First Series of Tests. 
PLATE XXL— Comprf^sbions by Compressive Stresses. Second Series of Tests. 



M M f 

:::ipii| 


1 1 


1 ^ 


1 


s 
1 


1 


,iJiy_ 


'4i irr 

t 1 IT 


t'-f 




:: + 




^—.■;5|::S:::J:--:: 


-:M:t: 




r^ 


- -- 




E:K-!l^f n-Sit;i^lti 




;:! 


:::::::: 


J- 




ii-4^- i ►-+*--x-44- 


















i::::::: 


:.::: 




Bgftli 










1 


tiii^ilf i 























■■ 




X" 






-' 




-Unt4TT| i [ 


-^---^-- 





j:;::.;;;: 


¥'-- 




: gi^it;||;;::;;;;; 






:: ;:; 


::- 




i ii:ji:::i#:-;:; 








+ '-' 












i;:; 




- — r -^ 




:;:::: 


....... 






rmMU:-! 1 h 1 


:X-----l 


- --- 


;;;;;;:;; 


--- 




i s 


1 N 
» rs 


; s 


lUp^ 


i 

m 


1 

i 



. ■ '■■■.\.- i 



( 



«i ■ * 



ppip 




u^ 



I 



r 
I 



I - 



1 


r 

S 3 

I M 1 1 [Tt+f 


\ I \ i X 


I 








: 1 11 lifffl+hjji- 


■'::''- 


m 




H f"r" '■''"'■' • ' 


!:: 


m 


Bpiitfefii 


|:^;||| 1 












■jt " 


+ iT-T+q 








■ " + t-i-i-- 
























-\-'a i- --jj- ? 




::.:;:::: 


±::::::::::^::^|:^i 


1 1' 1 








if; -::::::-:4 » 






-^ ~-\- — ^i^TF — + " 


::::::::::* 5 








-^ 










; : : 


:::;;;:: 


L" ±: i::!:] 


-+ ^- 5 I 






















q:::::;i;:3::3f:±:: 


-t- 4 -t-4- " " 




f:::::i: 


J---±T=---*--t-t-T" 






±::::-T:::T:±lTiJ:tji 






S;::::: 


-":::t':4t:1-*:1l^: ::: : 


h. ---}^T^tl: \ 




^::-:J:- 


T ^i::-:::± 


^±. -.i . .. J J--4- -3 


!::] 


:::::|:: 


Pf#41|l^ 


:±:::i;::|q::^ I 




i::,:: 




l^^1|P^ ^ 


rr- 




^t]iit'ti1'lfiil'''it[^ 


ii^ii 


5|: 






ipipi 










^ 


afefiig 


H::^:iT:::J 


^+rlt-rrf"^m^=4=a4«-7ffltffl- 





A 






I 

I 



I 



( 



I 
I 



..■•<• 





III"'' 


s s 
S 

v;: :::: ::: 
^ — 

mm 


i 


S t 


¥ 


tmT 


TTT! 




. -1-- 




If 
P 


i- -i 


ni 




F 


:;":;;■: 


H 

i 


■■+T 
■if 


rt-fifiji::-.:;- 


t::::::::::: 


m 


+-T---+f 


I 

i 




|::::::-4:::;,::: 


t:::|-:::i 






1 


T 


::::::::±:::::::: 




— 1-^ 


:::::::S: 



....... .r^.'- - 



I ■ 



\ 



. .. ^ •-" 



I ■ ■ 



;...i 



I t S 3 8 I 






Ipf P 



53^-? 



«ir 



y^ 



r;/.'}i.<\ 



tA':^:i-. 



"fl-T-- 



M 



l::;.,.: 

:/_]_ 



It '" ''-■'■li-'iTt - 






^ 


1 


1 i i 


£ 
: S S 


.F 

I 

r 


Vi 


^tl^\:\V:l 


HiW 






^ 


':'v''f-i\l 


:'.:l^;:;:fl:i 


J&-U ■■■■:^-l- 




[^r 


TT'^tt 


fffiWf 


Tg;g^|:; 


^ 




-i- J 5 i — 




+ 


::: ± |E ::::::::::::::: : 




— 


^t^:::::; ::: : 


rtj 








:::::::■:. :::.:T::::::: 






|-!-il 






- ? ■" 








: ::. .: 










11? 




nfj- -4 


1 ' Pi Uf h ^ -[jiH- 


:nl:T--l 




"^r 


i::;;:.:::J::::::: 


mm\\] 


; 




: !;:■■■ ■:■! 


+ J4 ^V ' ^ ^'' 1 








, . ; ; ' ; 1 


:::ft::|r:|::::::::::: 




1 




,r;- 


■-|:::::::|:::::: 








1 1 , [ . ! . , 


_^A-+f::::::T :::::: 


X ::::::::::: . 




hk¥ 


---^ttf:: + :::i:::::- 






Titii 




j-JI:|:)-|;-t| 




■ 


^itiiiiit 


i^iiEisltij;! 


ii:a:fi 


B 



' 1 ^ 



/■ < 



<.:■ . 



't« 






. f 






FAC-SIMILE 

rOGRAPHIC STRAIN DIAGRAMS 

OF 

TESTS BY TORSION 

IN THE 

AUTOGRAPHIC RECORDING TESTING MACHINE 

. OF 

PEOP.. E. H. THURSTON. 
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.TES OP FAC-8I.MILE ACTOORAPIIIC STRAIN-DIAGRAMS. 
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TESTS OF METALS. 

I PLATKS OF FAC-BIUILK AUTOOBAPHIC STIIAIX-DIAORilMS— CouthlW 
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PLATES OF FAC-SIMILE AUTOGRAPHIC STRAIN-DIAGRAMS— Continued. 
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ILECTED PAPEKS ON THE METALLIC ALLOYS. 



:ehican society of civil exgineers. 

[lucorporated 1352,] 

NOTE OX THE RESISTANCE OF MATERIALS. 

' Prof. EubortH. Thurston, Member of the Society. Head November 17, lt(75. 

.■bei' 19, X873, 1 had tlie pleasnre of presenting to the society a 
tjaeijaeutlj' published in "Transactious"") iu wliicli I made 
le discovery of an increased powei" of resisting stretis wliicli was 
i in iron and steel, by their subjection to a strain whkli pro- 
itortiou beyond the elastic limit and gave them a sot. Tliis 
» fully considered in a paper read April 4, 1874,t and the phe- 

more thoroughly examUied in its bearings npon the pntctiiial 
the engineer, and the experimental researcheji by wliitili its 
ad been revealed were described. Subsequently (-^oniuiiindfr 
Ikrdslee, U. S. N., discovered the same principle indepcnilently 

different method of experiment, and since the republication 
ticta in foreign periodicals, experimenters in Europe have an- 

the observation of similar phenomena under identical or sim- 
Itions. 

liter, since tlie anuounceinent of this important peculiarity in 
vior of metals, has made a very large number of exi)erimenta 
18, steels, and on various alloys, as welt as other simple metals, 
1 mauy qualities of each. The Mechanical Laboratory of the 
bistitute of Technology has been called upon to test large niim- 
|)ecimens of commercial qualities of ncirly every kind of mehil 
k material of construction, aud these often furnished opportuui- 
mrsue the investigation. The special work now in progress 
fi direction of the United States board recently appointed to 
. steel, and other metals, has been particularly useful in permit- 
examination of the behavior of the copi>er-tin alloys. 
Bults of observation, so far as the experience of the writer has 
oded, may be briefly 8ummarize<l as follows : 
t, an elevation of the elastic limit very generally occurs under 
I a marked degree. It is very variable in maximum amount, 
te time required to produce it. Some metals extdbit it to an al- 
»erceptible extent after long exposure to strain ; other irons ex- 
a great increase in their power of re-sistance to stress within 
elastic limit, and its development may sometimes be the rejsult 
very brief period of exposure to the action of that molecular re- 
lent which seems to be the cause of this phenomenon. The 
a increase noted by the writer is about 30 per cent., and the time 

for its development has sometimes not exceeded a half min- 
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nto; in other cases, the elevation of the elastic limit has heen MiiRt|)kl 
perccittible alfer several days. I 

111 ist^el, the same variation in the amount and in the time ii«t^«41ii(l 
its Oevelojimenthas bet^n notioed. ■ 

III tiK' various other metAla and in the alloys, this action has not liM I 
found to ocoiir in any case M-herethe material was inelastic ; uQtiiv«n>l 
txmy, it has been found that inelastic metals — jiarticularly tin and nKllI> I 
lie alloys of similar mechanical properties — have, when exjHKHKt M « 
stant stresses exceeiliug their so-called elastic limits, gradually aDil « 
tiiinously yielded by a process of tiow which, in some instances, V 
olisprvpil to prrK'ci'd iniinterruptedly for ilays together, andwouldai. 
tiMl IVucture ensued, c«iild the experimeot lu 



U-i- 



n-wd t 



li:it <-xtri 



<f led the writer to suppose, as intimated in 
jiiijH't nl'iii'il li], iliat lln' toivjjof cohesion and that forc« whicligi 
staliilily uT tiirtii til siiliiU :ii»l distinguishes them from liquids- 
ciLlIn! I>y i'nil'i',s?^ur Henry '■ iHtlMrity" — are quiU' distinct rr 
iniiUTiLiiir :i<>ti.iii. Sonic uiaterials, as the stronger of the ductile ni 
c.xliihit grvat cohesion, and yet may flow under the a<rtion of a o 
fojx'e, an in the cases last referred to above; while others — for exa 
o\"er-lmidened steel — ^may have great iwlarity, iuid consequently Jf 
stability of form, while exhibiting a relatively low [Ktwer of coliesiwi 3 

It is in metais which belong to the latter class, rather than in thi*^ 
the fonner character, tliat the elevation of the elastic limit by a 
observed. The explanation already proposed, that this apparent itien 
ofiesistiiig ]>ow('i' iti rcully aconsequenoe of the relief of internal rtrr 
dill' fii iiifilniils iil'iidiiuj'jirture, or t« cireiunstanc«s which have, t( 
tvrmil inijilii jjti'iii ut Inn,-, inevented such a niole<iiiIar armngeiiic 
IKirlii'Ics ;is \niidil ii;itiir;illy take place, still seems to thu writer ttieni 
satist'ictory fxpliinatifui. The close relation of this action totJ 
iser\ed by I'rofcsMor Juhnson thirty years ago, and illustrated liy( 
proL-CHs Icrmed by him " thernio- tension,' has been pinntod out CI ' 
tbniHT ucciiRion. 

Itartii;: tlie two years which have elapsed since the first « 
niciit (if ihc phenomenon of the elevation of the clastic Kmit Ityd 
u liiific mass of valuable data has lieen accumulated, which nuq'sl^ 
future time be collated. In no case, iu the whole range of tbMT 
searches, has any indication been obse^^■ed of a reduction of n '' 
power during the distortion ol metal between — on tlie one 1 
passing of the elastic limit, and — on the other hand — the point aliri 
incipient riiptiir« commences. 

Coiiri,us[ONS. — The writer is therefore led to conelnde that the slot 
extension or sti-aining of any memlier of any metallic stJiictnre is M 
a cause of weakness, except where it produces an actual redactioa^ 
section resisting rupture, orwliore it brings the line of stress intoanf^ 
direction, in wliicli it acts either with a larger component of force in t' 
former direction of stresSj or, as in the case of a rettexure of the n "' 
it takes the material at disadvantage strategetically, after a newdi 
tion of its particles has taken place. 

'ITie conclusion seems also proper, that the elevation of the ( 
limit by strain can only occur in metals which are elastic, and are cajiil 
of being placed in a condition of reduced resisting power by inter 
stress by artificial or external force. 

Finally, the conclusion has been arrived at, that structures Are 
weakened by stresses exceeding the elastic resisting power of their nm 
bers, whatever the material of which thej- aru composed ; and e^*^>ll wbelT 



TESTS OP METALS. 

adeof metal« hnviiig no elasticity and oapaWe of yielding, like tin, by 1 
» ff, iiulesB sm-b striiius as are produced ar« i)rod«c.tive of actual inolecu- I 
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EdisrupTio 

^ft ON THE RESISTANCE OF MATERIAI-S, AS AFFECTED BY FLOW AND 
^^ UV EAPIUITY OF DISTORTION. 

W" 

M*mfp 



r by Prof. Rubert H. Tburstuu, Member of the Socii'tj-. Pregented Mucli 1, 1^6 

k effect of tlie "flow of metals" andoftlie force of polarity described J 
^•Profesaor Henry, in modifying tlieir resistance to external stress and- 1 
«ir sti'ain, was alluded to by tlie writer in preceding Transactions, as 
Uowa : " 

i Ilie mtemal force and. 



Q molecular movement □ 



. now wliit'li rearraDgee Ilie mtemal force and 

a pliaao of tliat viiMtoaitf wLicli Vit^at Bupjiosed might 

t rupture of metal sultjeoted to Hlress nearly approHcliing its origiiiol 

aupe. the oiie acliun being a more immediate resalt tbnn the other, and 

I it Iter pnnlociug ita efleet, even when cohesive force may have bevn actoally iuteu- 

Ii was noted, bowcver, that in all eases in wliieh wrought iron and 
-■■I had bcuii subjected to stress exceeding the elaj*tie limit the metal 
id exliibited no tendency to flow, and that, in nearly every case ob- 
rved, an a^rtual "elevation of the elastic limit by strain" had taken 
ace. JIo experiment had then been made by the writer in which the 
tne sample hail exhibited both the elevation of the elastic liioit by 
tiiiii iiiui the phenomenon of flow. 

Siiiii' [lull time, when experimenting npon copper, strain-diagrams 
< kIiliciI aiLtomaticaUy have been observetl to exhibit this double etfect. 
"■ ilL'vatuin of the elastic limit has occurred in the earlier part of the 
~ I , itnd, at a later i>eriod, the strain-diagram exhibits flow, the metal 
liliiig under a gra<lual1y decreasing stress. Tbe progi-essive distortion, 

II li had never been observed by the writer in iron or steel, has, since 
■ ■ il;de of the paper, been frequently noted in other materials. For 

iiiiple, the following are a few illustrations : + 
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• L.\XX!I, On the Mechaiikul Proi)ertio8 of Matcriiils of Coiislmctiou. Vol. lU 
tSBl.wt.'d from thp rrponl books of the Mechanical Laboratory of the Stcvena Insti- 
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TESTS BY TRANSVERSE STRESS— WITH DEAD LOADSl 
Sampln I ' 1 y 99 iDEbw. 

If Uerbl p«rta. 
Tin. Copper. 
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Metals Iia^ing a composition iiiU'rnieilinte between tiiesc exta 
liave uut Iteen ob&er\'eil to exhibit How or to inci-eiue defleclina und 
constant loiul. 

Teats by tension nitli siinilar materials exhibit KimiLir rPsnUfc 
these observations and exi>erinient8 thus 8t«Tn t4) »iiiliriu the tom 
the writer as above iniot^'ii, and to indioftt^ tbut, under BOniu condtt 
the pbenoiucna of flow and of elevation of the eluHtJclitaitbystnln 
be coexistent, and that [irogressivo distortion miiy occur with "vUo 
metals. i 

The iJai>er referred to enunciated a principle which hud been tWi 
from experiments on wrought iron, which is. il' i">s>ibl'', <A' more \'iul 
portance U> the eujriiiecr than the facts just ;:im'ii. ^\/.■. -Tiiui llivi 
dnring which applied stress sictais an imporMut <lrrii>'iit in ili'tiTinJi 
ita effects, not only as an element wliich nuHlifirs (lie I'rti-it ui tln'rw 
of the atta«ldng mass and the action of the inertia of the jtieci? atOc 
but also OS mwiitying seriously the conditions of production audi 
of internal sti-aiu by even mmple Btresses."* I 

It was then shonii, by autographic strain-tliagrams, that oome l 
rials yield the more readily the more rapidly the distortion andnl 
are produced, Uieir resistance varjing in some inverse ratio will 
rapidity of change of form. It was titrther suggested that tiliiU 
might be closely related to the op]>ositc phenomenon of the elevaA 
the elastic limit by atmin. ALic\|i!LLii;itioL] wns offered in the tlieoij' 
with rapid distortion, insnltii*i<'tit tiun' iMdltiwed for the relief of inU 
strain in materiuls capiihle ni I'xhihirin;.' tii;it <^oii{[ition. It mutii 
remarked tliut '■ tlic uinst .liL<'tJh'siil.>l;iiiri'siiiii,v .'\liiliil siniilurlwlui 
when fnictiiivd Iiy sli.u-k or 1,> any Mi(l.lfiils-aii|ili.'d force, to suhsta 

■which iirc c |iai-aliM-l\ In jlll.'," ami illii,-.|ralaiiis were given of 

behavior, and the lavcaiLtioii.slu lu' taNvn by lln'ciigiueer, in vinwiil 
important mcMlilication of the resistance of materials by velociti' of 
tore, were »tate<l. 

The writer has continued Ids experimental researehes, with ooc« 
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uniption, »iiK'o that time, and has found the alK>ve-gtven statements 
firmed, and that relations exist between these phenomena of strain 
. tlie time under sti'ess, wldcli may properly be stated here as comple- 
>tar>- of the principles already pnlilished in the two pree«ding notes 
«h have appeared in Transactions." 

liould it he true, as 8nggest*^d by the vriter, that the cause of the 
ceased resistance, sometimes obaen'eil with increased velocity of dis- 
aon, ifi closely relateil to the cause of the elevation of the elastic limit 
strain, t it would seem a simple corollary that maferuila so inelattio 

go vUeous as to be incapable of becoming internally utrtiined during di»- 
ion, should offer greater resistance to rapid than to slowly-produced dis- 
*wi, in consequeuceoftheii' inability to "flow" bo rapidly as to reduce 
.-itiince by such fluxion at tlie higher speed, or by correspondingly 
- niiig tbe fi-acture*! section. This principle has been shown, by a 

I- iiiimber of experiments, to be frequently, if not invariably, the fact. 

I"]', tin, and other inelastic and ductile metals and alloys are found 

■ liihit this liehavior, and are tlierefore quite opposite in this resjtect 

iiliTiary wrought iron and worked steel. 

lie \vriter has noted the fact that very soft wrought iron does not 
Rys exhibit an observable elevation of the elastic limit by strain, and 
nmander L. A. Beardslee, U. S. N.,t has recently ob8er\-ed that the soft- 
»nil most ductile specimen of iron yet tested by him at the Washington 
■y Yard cxhiltitcd a jjcrccptible increase of resistance with a consid- 
>!>■ increase of rapidity of extension. This metal was pecidiar in its 
»i''.ss and extreme extensibility. All the irons of commerce appear 
••'long to the other class. 

Ije records of the Mechanical Laboratory of the Stevens Instibite of 
i iiiology frequently illustrate the iin}po8ition that metals which gradu- 

Aield under a eoustant load offer increased resistance with increased 

• lity of rupture. 

t ii> curves of deflections of a considerable number of ductile metals 
alloys are very smooth when the time during wliicii eAch load has 
«- liift Hi)«n them is the sjime ; but whenever tiiat time has been vari- 

* tbe cun'e hna been irregidar. Bars of such metals broken by trans- 
•« stress give a greater resistance to rapidly-increasing stress than to 
^ slowly intensifled. Two pieces of tin from the same bar were 
^•'n by tension, the one rnjiidlyiind the other slowly. The first broke 
oraloa^l of 2,1011 ami thr latt'irnfl.-ioa j.unTids. Tlie example iUua- 
■ •s< well the very gi-i'Lit ilill'iTrMfi' whii'h in pussible in such cases, and 
' "fi to the writer to indii^tti' tire iiussiliilJty in extreme Ciises of obtain- 
'•''sults which may be fatally deceptive when the time of nipture is 
'loted. 

' If dei»ression of the elastic limit has been observ'cd previously in 
<,*rials, but less attention has been paid to it tlian the importsuice of 

I 'lienomenon would seem to demand. The accompanying plate ex- 
ts the sti-ain-diagraras produce^l by plotting the results of exi»ri- 
'tx.^ They are selected as typical examples, and as representing the 

t:laases of materials described, 
^making the experiments the bar was mnnnted on cylindrical steel 
J'ings, which were themselves supported on accurately planed level 
^ces, and tlie deflection was produced by means of a powerful screw 

a large band- wheel. The weight was measured by a Fairbanks scale 

KLI. V..1. if pag« *39. CxV.~Vol.'lVrpirgeM4! 

twwactionB, Vol. Ill, pn.™ 3G3. 

*Vlmi»p work has been refen^d to in earlipr pnpera. 

'fade aiid [«<.'onli-il iii llie Mecliauical Laborutorj of the Slevena InstUnt* of Tech- 
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com\)inatioD, and the deflecfious and seta by a special me&suiine n 
ratus" wliivh reads (« 0.0001 inch, with an eiTor of 0.00(»;41. Tnit 
iudicated hy a delicate Btaclqiole level. Tbe measuring )iir>tnimcotd 
nnafiected by tliefurceti tending to distort the straining H|»pantu T 
detleetiny loree was ailjusted by tlie scale-beam. The bar being in fi 
tlte veifflit to be i>ut uu it was set off on the scale-beam, anil tben 
was cnriifuUj' turned until, by it« pressure ou the middle of tlie In 
scale-beam slowly i-ose and vibrated about the luiddle of Ua rauge,il 
I)oiut was iQdicat«<l by a poiator at tlie end of the beoni. tntm 
Hue-hued scale ou the frame. \Vlien the a4)ustuieut had Uxwu 
fiwtory tlie deflection was read off and the beam usually r 
order that the set might be obsen'od. It waa then a^^n dcf 
heavier weiftht. Owjisionally the bar was left thus strained, 4 
constunt ileflet'tion, for a consiilerable i>eriod of time, and thffi 
effort exerted by it noted at frequent intervals. In all suvbiS 
scale-lieaui gradually drooped, aud a decreased effort to uffyct n 
tJon of form was iudieated. Wlien the t>eam had falleu, the M'dyUjI 
pushed ba<:k until the beam arose and nbratexl about the wnnc 
again, and the weight and time were reoonied. This was lept 
the beam exhiliited less and less loss of jKiwer of resturatinn, aatv 
this deci-ease of t'flbrt no longer exhibited itself a new series ufdl* 
tiODs was pi-oduced. 

The bar No. 5y9, which was quite ductile, exhibited an uneliss^M 
of relation of amount of detlectiou to intensity of deflecting fuR^M 
as 8hown by the ilj&gram, the cur\'e representing its test puiEoMI 
same general direction after one of these "time-tests" as befort 

The loss of effort at 103 pounds is seen to have been about 30 pr 
the deflection amoimting to 0.0347 iueh, aud the effort falling ft" 
to 143 pounds. At 403 pounds the loss of restorative force is i ' 
same ; the figures fall ftxim 403 to 333 pounds, the dedectiou h 
constant at U.0880 iuch, again from 333 to 302 pounds at a defi 
0.089(i, and still again trom l,;i33 to 1,137 pounds at a defiectwndl 
inch. 

Before the bar, under fiirther deflection, had quite regained iti* 
resisting i>ower. the " time-test" was ri'iwated, the deflectitm tr" 
to 0.5456 iueh, and the weight applied being 1,233 {Ktuntls. 1 
noted waH quite unanticipated. The effort steadily decreaeedal"^ 
ing rate, which is indicated by the diagram of time and londs, tt^ 
b^ finally snapped sharply, and the two halves fell upon tbe floor- 1 
effort had decreased to Oil pounds. The deflection was ppedselfj 
it ha<l been under the load of l,li33 pounds. The beam had balanrtl 
911 pounds for about three minutes when the fracture took pl**3 
assistant was sitting fifteen or twenty feet from the maclune atw^ 
Btant, but no one had approached the machine after the la«t nttjn*' 
of the weight. 

This is a case without parallel in the esperience of the writeit* 
conclusion indicates a possibility of depreciation in resisting powBlW 
class of metals of which tin has been talieu as the tyjie, whwi dwl 
tion, in the present state of our knowledge of tlie propertieBOU 
metals in this regard, it maybe safest to assume tobeasourcerfii" 
in some caaes in which the load approaches the maximum retuatiii^J* 
of the piece. This illustrates the case of progression of flow ffl 
section most strained has been weakened to the point of ^''f^'''^';^ 
diBniption, which disruption would seem to have been here proo^I 
the effort of other and less iiijured portions to resume tiicirff^ 
• Mndo to the onlor of the writer, by Mesara. Browu & 3 
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I, and to straiglitPii tlio two IliIvob of tlie bar. It would seem 
It action should be del*;nniued by flow occmriiig iu a Bouiewliat 
at still somewhat elafttic metal, 

rain diagram of thJa bar is seen to Tie nearly bjijerlwlie ; but 
3if Hooke, ut lenaio stc ri», holds pood, an usual, up to a point at 
le load is about one-halt' the maxmnim. The cuj-%-e of times and 
^bits the rate of loss of effort while the bar was fiually held 
Ktion of 0,5456 inch, the load being carefully ajid regularly re- 
IB the effort diminished, from l,;i;i3 to 911 pounds, at which 
[ore the bar broke. The curve is a very smooth oue. The fol- 
" the record of the test : 

BAR No. 599. 

M) i»ru iIbo, id purla cnpp«r: I y. *.xa x al Incbea. 
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Set. 


Load. 
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0.0^8 

0,0816 

o.ne» 
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. T was left under strain 11'' 22" a. m., and the effort to restore 

^easared at inter\'als, as follows: 

B.— H^ST"; 11" 50",a.m.; 12''2"j IS'' 8""; 12"' 25° ; 12" 39 J" ; 

F*; 12«' 58J'" ; l"" 20", p. m. 

»T.— 1,133; 1,093; 1,070; 1,0G3; 1,043; 1,023; l,<Ht3; 993; 911 

t 

* 23"" p. ra. the bar broke. 

kample of somewhat similar behavior, but exhibited by a metal 

naiffereut qnality, is 8ho\vn on the nert page. 

Bar was hard, brittle, and elastic, but must apparently be classed 

|[in its behavior uiifler either continued or iutennitted stress. 
I seems to the writer to exist a distinction, illustrated iu these 
rtween that "' flow " whirh is seen in these metals, and that to 
B 1>een attributed the relief of internal stress aud the elevatioa 
lastic limit by strain and with time. 

Ml phenomenon — the exaltutioti of the elastic limit by strain — 
I observed very strikingly by the writer in the deflection of 
" y transverse stress. The plate exhibits the straiti-diagrama 
Bby transverse deflection of 4 bars of ordinary merchant wrought 
plch were all cut from the same rod. Of these, two were tested 
hacbine above described, in which the deflection remains con- 
ien the machine is nntouclied while the load gra<lually decreased, 
■ properly, while the effort of the bar to regain its original foi-m 
is. The other two were tested by dead loads, the load remain- 
Vtant while the deflection may vary when the apparatus is left 
t {The record is given on pages 11-14.)* 

•Pages 478-^SU of IIUh report. 
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These two pairs of specimens were broken ; one in each sol ^i 
ing weight steadily iintil the enil of the test, so as to gi\-B as Utinl 
for elevation of elastic liiuita as was i>o8siblp; and one in eachij 
intermittent sti-ess, observing sets, and the elevation of the 4 
luuit. 

If the long-knowu effet^ts of cold-hammering, coldrollinit, flid i 
drawing in stiffening, strengthening, and liardening some metali 
be, as the writer is inclined t,o believe, attributed in jiart to Uii» » 
lar change, as well as to simple ctmdensation and closing np of) 
ties and pores, this exaltation of the elastic limit by distortkni 
estfimally applie/i force hafl now lieeu shown to occur in ironrf 
metals of that class in tension, torsion, compression, and under M 
verse strain. 

Referring to the plat©, it will be seen that there is exhibited the li 
in the latter case even more flilly and strikingly than in tto ri 
above given, and a study of these typical examples coimot foil tO| 
both interesting and instructive. 

TESTS OF WROUQHT-IEON BAKS BY TRANSVERSE STRAIS. 
Ko. H&- TESTED IN FA.iaBANKS' M1.CHINB. 
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TESTS OF HETA.LS. 
Md. na.— TB8TSD BY SBAJ) LOADS. 



Latd. I DgdeoiEoi). Loul. 



Defleotim. Liwt > Mhm 



•TAlI,«a«,tben<ad<nEOMn<>t (akon. WitthU M followin. i 
minntc. u faltaire: 8I,Ki.43,lS. Ifi, lO.IS.S, l*,as.lS,SS.i:i, II ^ i' 
Tbs bar unk rnpldlv, lu aide prouiin aullttiae lliB waul » I 
meiimirpd HRt<r tta bar wm reRiaved, IS lu«b«k Tb» 'oCul <!• ii. 

cUatlclly of Ilia bur rcraalnlugtbeuniit. ih« Incnucnr ilrflrcii-.i. „ , ,. ., 

the load. (TblaUahown by I he parollellam of Lbs elutictly llnri. oith Mit- '>ti;:;i~ 

i,Wi: 0.34a diflereiioo of dtileciloa and Ht: HtwaaS-S. hsUMmloiilUad ilefleuilDB9' 



No. I 



-TKSTED BT DRAD LOADS. 



^U7D I :t. 0133 
Ia»li.lSm«u 3.INITT 

x,M9 I a.a7ai 



lD9>b.«a, 
Iunb.»B. 

3.SM I 
In t b.»B. 

IW I 
Id 4«b.>u 
laeik.MNi.n 
VTplcbM K 



The straiiidiagrains exliibited in the plate do not present M ibr 
one of the most importaut disHnctioiis between the two tiataa 
luetals. As seen by 8tiiilyoftbesedia{rrams,both clashes, vhtilljEtniiffl 
by flexure^ gradually exhibit leas and less eS'ort to rest<irc tlietnselw 
to their on^iial form. 

lu the case of the tiii-class, this loss of etraiglit«'iiiiig [iowct 
often to continue indefinitely, and, as in one examtde here illiwtn'f^ 
even until fracture occnrs. 

With iron and the clasa of which that metal is typical, this redncfJ* 
of effort becomes gradually leas and k-ss rapid, aiid finally reAcli'J ' 
limit after attaining wliich, tiie bar is found to have beconif sirwiglLfwil. 
and the elastic limit to have become elevat<>d. In this ii'sjHi-r, tlic "~ 
classes are affected by time of strain, in precisely opp.'-'it.' v 

The plate exhibits, even better than the n-wni, llir 
resistance of the bars which have been intiTiiiiircutl 
as the elevation of the elastic limit. Tliis pariilliliMn - ; 
lines" obtaiueti in taking seta, shows that the uukIuIus oi iiusiin 
unaffected by the causes of elevation of the elastic limit, 

Evidence appwUing directly to the senses lias been presvnhnl in tin 
course of experiment on the second class of metals, of the intj'a-nK^rciil)' 
flow. When a bar of tin is bent, it emits while bending tho (icculi^ 
crackling sound, familiarly known as the "cry of tin," Tliis sunnd li* 
not been observed hitherto, so far as the writer is aware, wlicn a liar ^ 
been held flexed and perfectly still. In several cases reiently, in ctF"' 
ments on flexure* of metals of the second class, bars held at i ainsIM 
deflection have emitted such sounds hour after hooi', while tiildtig^ 
and losing their power of restoration of shape. 

•Made in the Mecliftuical Laliuraforj of tbc Stovens Instilutt of Tpclmoli^' 
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Dnring some of the exjieriinpiits miule, n rery market! illiistratiou of 
E decrease ofaet with time, whk'h has lieeuol)a('rved and described hy 
■of. W. A, Norton, has been not<;d, and the rec()very of straightening ' 
wer in the defleutcd bar hiia sometimes Ijeen strikingly Urge, anioiint- 
4 to nearly 30 pounds in 15 minutes. A record of one of these bars is — 

BAB No. &fa 

11^ parti ooppar, PI.S parts tin ; OMB X O.im X 31 iaibe*. 



03 



Incha. Potandi. Itteket. 

WW o.un 

..- I Sel decrrMBa In a ii. 



After 300 poiinits hod lieen placed on the bar, and the reading taken, 
2 screw was ran back till the beam Jnst balanced at 5 itonndft, tlie 
38sure-block attat'hetl to the screw barely toneliiiig the bar. The 
; was then read, iw above, 0.3084 inch, the beam slowly rising. The 
?8Bure-9crew was then run back till beam again balanced at 5 pounds, 
(1 the set measured 0.3022 inch; tlie time was 2 mintite^. Tho 
am again rose, poise on beam was pushed fom'ard and balanced at 
IKiands ; the time was 2 minutes. In two minutes more beam balanceil 
14 pounds. The pressure-screwwasagainmnbacktill beam balanced 
5 jKuiiids, and the set measured 0.290S inch. Tho beam rose again 
31 honrs 37 minutes, a. m. In a minutes it Imlanced at 10 pounds, in 
minutj-s at ](! iioiuhIs, and in 20 minutes at 23 pounds. The l>eam 
« agiiiii li;ilaiict*d iit 15 pounds, set measured 0.2902 inch. The beam 
i« in 4 minutes. In 29 minutes the beam balanced at 14 pounds, and 
65 mituit«s more it balanced at 20 pounds. Tlie beivm was again bal- 
eed at 5 pounds, and the set measured (t.2843 inch. The total decrease 
Bet in 2 hours 20 minutes was 0.3084— 0.2.S4i3 =0.0239 inch. Then re- 
Mied 300 pounds, and reatl deflection 0.53;t2 inch ; increased the press- 

Ibut the bar broke before 310 jjoimds was reached. 
1 



AMERICAN SOCIETY OF CIVIL ENOISEEES. 

[Incorporated 1852.] 



>«p«>r by Prof, Robert H. Thurstou, Member of the Soeiet;. Rend December (t, 1876, 

Section I." — On the observed decreaae of resistance at a Jixed dUtor- 
n. — The writer has, in a preceding paper,t shown by reference to ex- 
r*imental researchcji in which h« had thou engaged, that some classes 
metals, as ordinary iron and steel, when subjected to strain and distor- 



buitioD, vol. r, page 199 ; also " Vnn NuHtntiiU's EiiKiiieanug Magaiine," Bcptemlwr, 
^ nd " Engmeering" (London), Dt'ctmbec 29, ls7B. 
I H. Ei. 98 31 
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tioii by a force exweding tbe resiotantte of the material irithin the elasu 
liiiiit.taki^ a wt and arc stiflenptl by that act, and pxhibit aii exaltation a 
the elafitic limit. It waf* also bIiowd that otJi<«r claKscs, lilie tin and nam 
larly viscous and ductile mateiials, exhibit flow and a depi-esaion oftMn 
limits of plasticity when similarly treated.* It wiw ftirlhcr nhown tia 
the former class, when subjected to loads even approaching tlieirultimaM 
strciitrth. took a certain net and remained appaifntly iniletinitdy fid 
out turlher disloitioii ; while the second class, under very modnM 
lu:ids. tVeijUcnllv cxliibitcd it gradual yielding, a progressive diatottiBl 
until I'l'iK'tinc li>'>k place, sometimes under sti'esses whieh vqe b4^| 
IVaiii.iii III' ill! ISC Mhich were found required to break aueh metalnqiiiiiH 
and \\\wu liiiit' was not allowed for flow to occur. It was noted flB 
iiicri'asr nf rjpiilily of distjsrtioii ami fracture produceil iucreaserfS 
sislaiiif in Ila- latter, or "tin elaas," and decrease of resisting povtrfl 
the first, or "iron class," and ctcc verm, M 

The wnter has since iustitute^l experiments ui>on metals of bothclufl 
to determine how rapidly set, in each ela.ss, took place; the eariier^| 
peritnent just referre<l to having confirmed a suspicion long niM^fl 
among ebg:iueers and experimeiitalist» lliat the jihenomeuon was a >^| 
vular clmuge as well as of the mass, ami that time was reqiured fttH 
complete development. Pn)fessor Norton has also shown by eJ(peiui^| 
that this set is [mtlially temporary', the bar i-elieving itself of distoitia^H 
some degree ou removal of ttie load. Both that e:siH>rimenteraiii^H 
writer had detected some peculiar variations of fonu during tJu^Hffl 
cry, and the experiments of the latter, as detailed in the iirecedtni; PS^I 
exliibitcd at time* a gradual recoveiy 111' .•.tiiii;;lLtriiiusi>ower in aoMJ^H 
anil tiexed bai-. The Ibllowiug will be I'dutnl inliri'sting, and IK^v| 
important, a« showing how these molecular ilian^;)'.-; ju-ogress; ^M 

Bars were prcjiared of square seetiuii, 1 inuL in bi'eadth and ^V^l 
and I'L' inches iu length between bearings. They were flexed in a >IU'4^| 
lor 1cstin<; the resistance of materials to transverse stress, as dMC^^| 
in the preceding i)aper, and the load and deflection carefiuly met>^^| 
As the bars were retained at a constant deflection, tlieir effort to iti^H 
their original form gradually decreased, and the amoimt of tldg ^I^M 
was from time to time noted. When this effort or resistance lu^l'^l 
come considerably decreased, the bar was released and the set uieaa^^l 
This operation was repeated with each, until the law of decreU^H 
elastic resistance was detected. Ciu'ves were constructed, illustn^B 
^^])hically this law, and exhibiting it more satislactorily and n^| 
plainly than the tabular record. ^M 

The following is the I'econl for the bars of iron, of tin, and of two aHHjlJ 
The ii-on bar So. 048 was subjected to a load of 1,(H>3 poumls, sonif*MB 
less than one-half its maximum, and its deflection was found tol)flOJMH 
inch. Kemoviug the load, the set was O.Wll!) inch. RestnrinK the IniW 
(1.000 pounds, + 3 pounds due to the weight of the bar), the di-flwMB 
was 0,1001 inch, and the bar was held at this deflection jltkI thiiliina*! 
of resistance observed. In 25 minutes it had become il'J'J ixidniI."; lii ' I 
hour 40 minutes, 091 pounds; in 4 houi's35 minutes, 087 jHi\nalH,aiulf4 
5 hoars 20 minutes, 0S7 pounds. The set was then found to Ix (Ltf'fl 
inch under the weight of tlie bar itself. M 

Hestoring tlie last-observed load, the deflection was 0.0001 iiid),v9 
the oiiginal load of 1,003 ponnds increased it to 0.1003 inch. I 

A second trial of the same bar under a load of 1,G03 xionuiU £S^4 

* Mr. K. It. HewitiH liaH infnnnfd the ^Titpr ainco tli<> piiblicatiou of thai fR^M 

tliat lie linit <i>-teoti-iI tiinuillniiwins ■■lliiw" nud "exalttitioii of llie i-liiBlip liniil" iftWB 

t Built fur till' Mei'luiiiitul Lnburnlury uf tlie Stevtux Iiislitiite iif TccImulusJ' I 
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flection of 0.2548 iiicli, stiil a set, ou removal, of 0.1091 inch. He- 
sriug tbe load, tlie ilcUection l>ecame 0.287 inch, and tlie ivsistaiiee to 
xiou (li'(Ti';i,sfil in C houra 3 minutes from 1,003 to 1,437 pouiids, at 
■ieh lalti'i' tiim- the set was foiuiil to lie 0.1451 ineb. Restoriug tlio 
ul <i( I.J.'m piiiDHls. the deflectiou was 0.2S63 ini^h, and the original | 
td. l.lilK". |iiiiin(l-i, ImiiifT hrouKht upon it, its ilnflection increa.sed to 
lOlG inrli, ait intn-fnist' tiemly 20 jier cent, above the original deflection. 
In the first trial tht; loss oC stilliu'sw, as iiifiisurwl by tJie decrease of 
*ort to stniiKhtiMi itwcif, :nid wliii-li is licrc taken tomeaSQre tJie rate nf 
\ IS Keen to have been iiearij- luoportioiuil to the time at first, becoming 
Dfttant afii^r U hours. On the second trial, after a considerable set; , 
Ddiii'L'ci b\- a li.;i\ .V hiiul, the set became coDHtant after about cue hour, 
d so riMiiaim-il to the end of the trial- 
No. G5.j wius a barof Qneenslftiid tin, received* from the Commissioner 
tliat <'OHntry at the Centennial Exibition, and which was found to 
remarkably pnre. A load of 100 pounds jrave a detieetion of 0.2109 
:;h, and prodnced a set of 0.17r>3 inch. The same load restored de- 
clt^il till- biir ().i;il."> inch, wlii<-h deflection being retained, the effort to 
;;aiii the iiii;.'iii;il sliape decreased in one minute from 100 to TO pounds, 
3 Hiiimirs m liL', and in 8 ininntes to 50 pounds. The original load of 

jiouruls tliiii iiriiught the deflection to 0.3033 inch, neuriy 30 ^ler cent, 
>re than at first 

A liar, No. ;j99, of copper-zinc alloy, similarly testefl, deflected 0,5209 
ih iiiidiT 1,2.33 pounds, and took a set of 0.2730 inch after being held . 
that iloflection 15 minut4.'s, tbe effort falling meantime to 1,137 pounds. 
^Btoriug the toad of 1,137 iwunds, the deflection became 0.5131 inch, 
d the original load of 1,2.'}3 imnnds brought it to 0.5456 inch. The 
r waa now hehl at this defleittion and the set gradually took jilace, 
R effort falling in 15 minutes to 1,133 pounds ^4 jxt cent, more than 
the first observation), in 22 miuiites to 1,093, m Ki ininulcs to 1,06.1, 
63 minutes to 1.043, in 91^ minuteit to 1,003, and in llSininiiti-sfoOll 
iiuds, at which last strain the bar broke 3 miiiutoM later, the deflee- 
"n remaining unchanged up to the instant of fmcture, Tliis rcmarka- 
i ease has aheady Iwen referred to in an earlier paper,! when treating 
the effect of time in jiroducing variation of resistance and of the elastic 
lit. 

Nos. 561, copper-till, and 012, eopjier-zinc, were com])ositio«8 which be- 
ved quite similarly to the inm bar iit its first trial, the set apparently 
Roraing nearly complete in the first after 1 lionr, and in the second 
Xr 3 or 4 hours. 

tn all of these metals, the set and the loss of effort to resume tbe 
einal form were phenomena reqnii-ing rime for their progress, and in 
y exrept in tlie case of No. 599 — which was loaded heavily — the change 
adually became less and less rapid, tending constantly toward ai 
L^iimum. 

3o far as the observation of the writer lias yet extended, the latter ia 
Vftys the ciise under light loa<l«. As heavier loads are added, and the 
iximum resistance of the material is approswhcd, the chaii^'f continues 
progress longer, and, as ni the case of the brass almvi- di^scrilied, it 

iyjirogresfi so far as to pntdnce rupture, when tlir li>;id 1 irncs heavy, 

:he metal does not IWongtothe "iron class." Tlif brass Imike under 
itrcBs 25,per cent, less than it had a^^tually sustained previously, 
there is no evidence that iron or steel ever exhibits this treacherous 

1 excceiUngly dangerous Itebavior; but, on tbe contrary, it seems 
lualitulc of Teclmoliigj". 
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always to carry a loa<l, once borne, however iiear 


the masimunitDfll 


be. This dift'erenoe is here qnite as niarketl as in the expeiimHiIsiiBj 
viously reiwrted uixm the elevation and the depression of llie *iii 
limit by strain ; and no one can fail to note tlie value in coiistniaiaii 
this quality of that metal which is the chief reliance of thp enginwi 
nearly every branch of his art. These princiiiles will find numbeM 
applications in the practice of every member of the profession. 

The records are herewith presented, ami the curves representiagtii 
Bhown in the Plate. 

EEC0ED8 OF EXPERtMENTS ON RATE OF SET OR DECREASE OFEffl 
ANOE AND INCREASE OF SET OP METALS, WITH TIME. 
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Section IT".— TA* obnerved incretue of deflection under atatic fotii'' 
the precedinR section the writer presented results of an iuvestigsl 
madetto determine the time required to proiluce "srt" innietili 
longing to the two typical classes, which exhibit, the one au'exalwt 
and tlie other a depression of the elastic limit under stniin. 
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B experiments tlioro described were made by means of a testing- 

Uip, in which the test-piece eould be securely held at a given degree 

storttui), and its effoit to recover its form measured at intervals, 

H the progressive loss of effort could no longer be detected, and until 

-as thiiN indicated that set had become complete. 

'he deductions were: 

'bat in metals of all classes nnder light loads this decrease of effort 
L rate of set become less and lees noticeable until, after some time, no 
ther change can be observed, and the set is permanent. 
Tiat in metals of the *'tin class," or those which had been fonnd to 
libit a depression of the elastic limit with strain, a heavy load, t. e,, 
Bad considerably exceeding the proof strain, the loss of effort con- 
aed until, before the set had become complete, the test-piece jielded 
irely. 

ind that in the metals of the "iron class," or those exiiibitingan ele- 
tion of clastic limit by strain, the set became a maximum and perma- 
utj and the test-iiiece remained nnbroken, no matter how near the 
isnnum loiul the strain may have been. 

Ibe experiments liei-e described were conducted with the same object 
those above refern?d to. In these experiments, howe^■e^, the load, 
»t«id of the distortion, was made constant, and deflection was allowed • 
progress, its rate being observeil, Hiitil the test-piece either broke 
der the load or rapidly j-ielded, or nntil a permanent set was pro- 
ced. It will be seen that the resnlts of these experiments are m strik- 
;accordancewith those condncted in the manner previously described. ■ 
.oy exhibit the fact of a gradnally-changiug rate of set for the several 
K8 of light or heavy loads, and illustrate the striking and important 
itinctions between the two classes of metals even more plainly than 
9 preceding. Tlie accompanying record and the strain-diagrams, 
lieu are its graphical representation, will assist the i-eader in com- 
shfiuding the method of research and its results. All test-pieces 
re of one-inch square section, and loaded at the middle. The bear- 
's were ti2 inches apart. 

No. 651 was of wrought iron from the same bar with No. fi4S, already 
Wribed,* Tliis specimen subsequently gave way nndei' a load of 2,587 
Duds. Its rate of set was determined at about 60 per cent, of its ulti- 
ite resistance, or at 1,C00 ponnris. Its deflection, starting at 0.48)1 
lb, increased in the first minute 0.1047 ; in the second minute, 0.026 ; 
the third minute, 0.0125; in the fourth minute. 0.008ff ; in the flfth 
note, 0.0063 ; and in the sixth minute, 0.0031 inch ; the total de- 
?tions being 0.5937, 0.6iy7, 0.0322, 0.641, 0.6473, and 0.6504 inch, 
the succeeding 10 minutes the deflection only increased 0.0004 iucb, 
to 0.6.598 inch, and remained at that jwint without increasing so 
tch as 0.0001 inch, although the load was allowed to remain 344 
nates untouchetl. 'The bar had evidently taken a permanent set, and 
seems to the writer probable that it would have remained at that 
Section indefinitely, and have been perfectly free from liability to 
«fnre for any length of time. 

tliis bar (innlly yielded completely, under a load of 2,.'>80 pounds, de- 
Hing 4.67 inches, 

So. 479 was a copper bar containing 3| per cent, of tin. Its behavior 
>y be taken as typical of that of the whole "tin class" of metals, as 
i preceding illustrates the beha%ior of the " iron class" under hea^-J- 
ds. It was subjected to two trials, the one under a load of 700 and 
^rther of 1,000 pounds, and broke under the latter load, after having 
• Vol. V, page WS. 
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sustained it IJ hours. The beliarior nf this bar will be f 
osiiecially int4>ri>stiiig, if its record inidstrain-diiigrainaro rompamlfft 
tlioBti of Xo. 599, previously griveii, wliich latter si)e<!imeai broke ilia 
121 minutes, wLeu held at a coustaiit deflection of OSASti iiiok; iua 
aiiitaiice 4^dimlly falling from an initial amount of 1,233 ixmnilK, toUil 
pounds lit tlie iustnnt before breaking. 

This bai", No. 479, was loa<le(I with 700 pounds " dead weighti'dt 
at once dedected 0.441 bich. The deflection increased 0.118 inch mttt 
tirttt five minutes, U.llli4 in the second o uiinutej^, 0.018 in the semndt 
minutes, 0.1T in the fourth, 0.012 in the litth, and 0.008 inch in the nd 
10-iiiiiiute period, the total set increasing from 0.441 to 0.6d inch. Q 
lei'ord mid the strain-diagram show that at the terminatiou ofthtsbil 
th(i detk'ctiou van regularly increasing. The load was then nam 
and the set wa« found to be 0.524 inch, the bar springing back 0.126iH 
on removal of the weight. 

The bar was again li>nde<l with 1,000 pouinls. The first iMectil 
which could be mea^untt was 3.118 inches and the increase at ft 
followed the p;iriibijlic tnw noted in the prece<ling cases, bnt q 
became acci-lfi-ati-d; tliissuddencliangeuf lawisbestseenon thei 
diagram. Tim uru- r;iti' of increase continued until fhu-tiire adMl 
occurred, at IIk- riid of \^ lioiirs, and at adedection of 4.500 incbea. 

Tills li;Lr «;isof v.Tv liiftVrrTit OituiliOf^itioti H'om No. 599; itisame 
hcv of tlio "till rl;l^^,'' liciucv it, ;Liid it is Ki^en, by examining tb 
[■(■(■■irds iiiid Ktraiii-iliLi;;r;iiiLs. |1l;U tlii'si' sjjcciiiii-na, tested under radiol 
ditlcivnt cinnlitiiiiis, hi.M. illiislnitc thv peculiar characteristira (^ I 
class, by similarly cxliiliiliiij; il.-; tri'iiflioitnis uature. 

No, 5114 was a biunl' tin ui.iitiiiiiiiig about 0.6 per cent, of coppw 
the opposite end of IIk- s(m1c — ^iikI .■xbibited precisely similar beharil 
taking a set of 0.32;i iLich uinU-r 110 pounds and steadily givinftT 
and deflecting uninterruptedly until the trial ended at the end of IJ 
minutes, over 21 hours. This bar, subsequently, was, by a moxiaa 
stress or 130 poiuids, rapidly broken down to a deflection of 8.11 ii 

No. 501 pi'esents the finest illustratiou yet entere*! in the i 
book of the Met^^hanical Laboratory of the Stevens Institute of Tr 
nology. The test extended over nearly 2^ days under observation) ■ 
then letl fur the night, was found next inonimg broken. Tlie time 
i^cture is tbeivfore upkuown, as is the ultimate deflection. The reoil 
is, however, sufficient to det^rmme the law, and the strain-diagK 
is seen to be sinular t<i that of the s^'l■l>lld t*>st of No. 479, exliilnlil 
the same tendency to the p:iraliolic shape and the same change of h 
and reversal nf ciirviLtnri' |in'i'ciliiig liii:i! ni|iture, and iUustrat4.'8 en 
more strikiu;;ly ilic t':i<'t tluir tliis i-I;iss of iiictulK is not safe agaiustflfl 
rupture, even l!ii)ii;;li llie Ur.ui iii;i\ lLiiv<' I'eeu borne a considerable tir^ 
and have app;iieiilly bwii slmnn,/'^ {(ilii'il (<■«(, to be capable nf nisti 
ing it, A stniin -diagram of eat^i of tbe latter two bars is i^hibitcdl 
a reduced scale to present to tlie eye more strikingly thia iinpoiW 
characteristic. 

A comparison of the records and the strain-diagrams with those 
Section I, in ilhtstTUtion of the behavior of tlie two classes of mrti 
under constant deflection, is most instructive. The light tbustlmif 
upon the phenomena of distortion and fracture may lie of great serffl 
to all who are engaged in construction. It will be iieees8)vrj' t« nwl 
many experiments to determine under what frairtion of their ultio* 
refiistance to rapidly applied and removed loads, the members of ft 
"tin class" — the viscous metals — will be safe nndor static ])eni«i)e" 
loads. Their liehavior under shocks of various intensities remaiufl iJ 
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tidctermincid. Tlie most probable and most satisfactory coucliisiou 
b sceius likely to be flimlly readied iw, perhaps, that tlie "iron 
^of metals are capable of carrying iudeflnitt'ly any load wliicli 
Ivave once borne, aitd tliat, in some manner — by the relief of in- 
I strain as suggested by tbe wTitei-' or by some other pi-ocess — tbeir 
tinder a load renders tliem, as time goes on, more and more safe 
i thai load. 
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5 law of deflection and of rate of set, as illustrated grapbically by 
train^liagrams given in tliis and in the preceding i>aper, It ex- 
ed for the lighter loads by equation of the form 



lich Y is the deflection or the set, botli (juantities var>"ing together 
B case, and T is tlte time; A and B being constant coeUcieuta to 
termiued for special eases. 

re lUAkora have leomeil thnt tiewl.v-mailo wire in consirterBlily wenVer than sinii- 
ewhii^hlms been so Umaraade an to nfTonltlmuforreUetiby daw, of tbcintvm&l 

ug IiiIcimIiiolhI by tlie proaftw of drawliig. 
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For heavy loads, after tLo first siuldeu ileflei-tioii and klI, tln^ equ- 
tiou is aecu to be 

Y=AT 

in wliidiforu-oii, A^Y""*' **"" ^^'^ tiii-Klass A i« acontttantn 

iiji to a limit J-, Son, 501, 479, at wliidi it vuiios as some uevr fonrtiwi* 

tlie time. 

The vahies of ponstants for tlie variouB metals remain to be 
miued. The queHtion whether this uliange in tht> value of the tnoddl 
of niptnre, as exhibited in tlie preceding swtion, ami of the nil«¥ 
the quantity repivsentiitg in the iisiml formulas the amount of deUedieiA 
is due to a change in the modulus of elasticity, tn simple Hou.orlf* 
variation of cohesive foire, remains to be counidLifd, 



AMERICAN SOCIETV OF CIVIL EXtilKEEKP. 

[Incorporated 1852.] 

DISCUSSION AT THE 8EVEKTH ANNUAL CONVEKTIUS.* 

FLEXlTTtE OF BEAMS. 

Mr. KoBEET II. Thiiehton — Iteferriug to "Resistances of beuWl 
flexuif": — t 

1°. I agree fiitly with Genenil Barnard in considering the Sinndl^ 
Javier, and tliose in common use as based uiwn them, as well at tt(4 
gnmcnts of Decomble sustaining the former, as not well eui^or^ 
the results of experiment, except in a few special ease«. 

2°. The ordinary theory, and its resnlttug equations, in which Vui 
sistanees of particles to compression and to extension are praportlcn 
tx) their distance from the neutral surface, are apparently sufflcil^ 
correct ni) to that limit of flexure at which the exterior seta of pari* 
on the one side or on the other axe forced beyond the elastic limit 

3"^. With absolutely non-diietile materials, or materiaU destitatt 
viscosity, fracture occurs at this point. But, with ordinary tuaUri 
and notably with good iron, low steel, and all of the useful metalBi 
alloys in common employ, i-uptiire does not tlien take place. 

i°. The exterior portions of the mass are compresses! on the oiicsi 
ofiering more and more resistance nearly, if not qiut«, up to the p< 
of actual bi'eaking, which brealiing may only occur long aftvr )»« 
the elastic limit. On the other side, the similar sets of particles 
drawn apart., i>assing the elastic limit for tension, and then rej^isting 
stress with approximately constant force, "flow" occurring until t 
limit of flow is reached, and rupture takes place. 

5°. Fi-actiu'e may occur under eitlier of several sets of coti<litioiiS> 

A. The umterial may be absolutely brittle, [a.) In this case the eJ 
limit aiul the Umlt of nipture coincide lor both simple tension and ai 
compression, The piece will break with a snap when, under flex 
eitlier limit is reached. (6.) Or, it may happen that the limit is p 
simidtaneously on both sides. 

B. The material may be slightly viscous. {«.) The Sexuro of 
piece will produce compression or extension, or both, beyond the ef 

• Kefnrring to Brcord of Experimeuta showing the character aiii) pumiion of 
tral AxpH, U8 Bhown bv iHilarized. liKht, L. NickcTwn, vol. iiL pouo 31 ' """" ~~ "*■ 
ance of Ht-aiiiH lo tnesiire, J. G. llarnanl, vol. iii, puj;.; VXi. 
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it before niptnit', giving tliree set* of conditions to l)e exprcsawl by 
formula, (b.) The inci-ease of resiHtance after passing tlif i^lostic 
it will not be similar for both fomia of resisf^mee, and eacli sulwtaneo 
probably be fonnd chara<;teri8ticall,v diHtinguijitiable fi'om every 
ler. (c.) It would appear from exi>erinieHt8 already familiar, that the 
■stance to compression will fretpielitly increase in a very high ratio 
«iompared with that to extension, thus swinging the neutral surfkce 
ard the compressed side, and probably sometimes approximately to 
limiting surtiice, with very banl and friable snbstances, thus bring- 
about something like a correspondence with "Galileo's tlieory." 
I, I itresume, does not often happen. 
'. The niHterial may be very ductile or viscous.* (a.) bi this ca«e 
phenomena of flexure and rupture will be as last described, but of 
iggerated extent and importance. (6.) The resistances to extension 
I to compression as developed in this case will be approximately, or 
iurately, those obsen^ed in experiments producing rupture by direct 
ision and by direct compression. The neutral surface will be det«r- 
led iu iH>sition by the ratio of these ultimate resistances. 
°. Proposition 1, of Decomble, as rendered by General Barnard, t 
irefore, may or may not be true for any individual case, and it cannot 
tme for all materials. Proposition 2 is, I think, probably correct, it 
Ing nuderstood that the efiect of "flow" in producing modiflratiou of 
coefficients of elasticity and of rupture is comprehended. Proposi- 
3 is, I should sdy, eerfainly incorrect for ductile substances, 
'ecomble is, therefore, in eiTor in claiming that Kavier's theories, 
row and inflexible as are their conditions, explain "all pheliomena" 
f fiexure and rupture, or that it can always give us coiTect moduli of 
^ture, or that it is in "complete harmony" witli any but a narrow 
fflge of practice. 
17°. The statement that " any load, however small," is " capable of pro- 
Vdng rupture, providing that the trial is sufficiently prolonged," I have 
Bg since shown, by experiment (which bas been published in this 
mmtry and in Europe),! to ^^ quite the reverse of the tiuth in the case 
I iron, steel, &c. The fact, as shonii by the facsimile strain-diagrams 
' uting these papers, being that static stress, less tlmn that producing 
bture, but greater titan that correspmiding with the etantic limit, proiluces 
fal increase of resisting poicer. This fact has since been proven by 
BT Investigators and by quite independent methods of ivsearch. 
IP. I have also shown in those experimental investigations that the 
jfiTerse t^t exists, that distortion, rapidly produced, caunes an actnal 
rcaae of resisting power. Btraiu-dlagrams were given illustrating this 
t very strikingly. 

P. This variation of resistance with variation of the UK^thod of i-up- 

« introduces another element of uncertaintj" into " Navicr's theoiy," 

I ■well as into all formulas yet constnicted. This element iuust remain 

■ H experiment has indicated a measure of it and the fonii of the tunc- 

^expressing its law, and thus enable us to constmct a correct formula. 

yHiP. Iteferring to the remarks of General Barnard whidi follow the 

_ _ r under discussion, § we may find in tlie phenomena just considered 

treason for the fact, remarked by him, that "beams fractured by shot 

uib^red that viwoniy &\iA high vohcaive force may coexiat, , as 
■y and Mou. TrMca. 

^TnuiSMtliiiVB, vol. li, pajte 239; vol. iii, \imf> 13, At-; Journal of the Franklin 
•Unto, Vili; Van Kostraud'H EiigineorinK Muf,'aKiui', 1974: London Engiureiiug, 
|PfS: Pmctical Mechauica' Mngaziuo, le(74; D'atgUr't Polnteohi\iKhee Journal, lif75. 
F f VoL iil, pajfo 127. 
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ilUl not rpsiftt anything like so mti(.'li " as those bi-okon nndcr thf An 
null st«)uly aotioii of the hydraulic; pruss. 

H°. The assaniptioii that resimtaiices vary each waj" from thennOd 
Borfoce proportionally with tlietr diRtancu from that snrftww uhwla 
coupled with a rejected hj-pothesis of Navier, nevertlwless, itotfarfiH 
the tmtii in special canes, as may be shown by projier mallto " ' 
treatment and comparison with results obtained exi^rinientallj'. 

12°. Mr. "VViUiam Kent made this comparison for ca«t andwnwjlit 
iron and for ash. The results of analysis and of cxiwrinicut give lt( 
following values of the R in the ordinary formula:* 



M=iEBD' 



for a beam fixed at one end, loailed at the other ; 
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13'^. This remarkable approximation is thus derived: Suppoaeftftnt 
beau, Fig. 5, with loaded extremity, the fofce V being a j-jj,. s. 
measure of the weight W, and the beam having a dejith 
I), a breadth unity, and a neutral surface situated at a 
distance Y from the superior s^^fy<!^.^ of the beam, llep- | 
resontiiig the resistance-s gr)Lpliii':illy liy tin- triangles T ; 
"S, C N; their measures in tfiisimi ;iri<l i-i impression are <S 
rc«l)eetively J T N, J C S, um! tlu'ii- imniu'iitM are i T S 
xii Y=4f Y»,audJCSxii(I)-V) = 4C{l)-Yr. Au 
early hj-pothesis of Navier, which seems to have been 
entirely iibnndoned by him subsequently, and which has not been * . 
by snbsetpieut writers on the subject, makes these moments eiin^ i* 
suming this to be coiTcct, 

T Y'=C{D-Y)« 

,,(!_ JP_ 

"(U-Y)» 

and, from this expression, we may fiud the position of the neutial! 
face, as determined by the assumed conditions. Then, letting Bk 
breadtli of the beam, 



and^; 



W L=J B [T Y=+C (1>-Yn=i K B D*. 



in which latter expression K is the modulus of rupture, and its vali 
be found when (J and T are known. It will always be of a value 
meibate between T and C. 

li°. The following are the data and results for the three cases takw 
the results are widl worthy of examination and record : 
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p. The common tlieoiyofruptiire, as it is defined by Professor Wood, 
■JTesseclly for frnni correct, ami, as showii jit the heKiuiiiuK of these 
irks, the neutral siirtactimiistvaryiupomtion,nnd cannot invariably 
IS throuf^h the center of gravity of section. It would seem tliat such 
ncidenc« of position, when occurring at ali, is simply a matter of in- 
ental concurrence of conditions, I therefore consider the criticism 
General Barnard to be just in this point, 

6°, Tlie accurate mathematical expression of the phenomena of 
rare and rupture, as already remarked, must be vastly more compre- 
isive and flexible and more facile of application than any yet pro- 
led. As I have shown, it is not sufficient tiiat Ixith Ri and Ki^i. e., 
ii T and C — appear in the formulas, as proi>osed by Uecomble. The 
1 value of thene quantities, as there appearing, uniwt vary as some 
iction of distance irom the iienlral line, while the position of the neu- 
I line must itself vary with both tlie value of T and C in diflerent 
es, and with tJieir change of value in the same beam, as flexure pro- 
sscK and alter rupture commences. These variable fhtictions must 
be taken into luicouut ami comprised iu the general expre^on for 

moment i-esisting fracture. 

:iie characters of these tiimttionB, hnwevePj are unfortunately not yet 
ertained, and it is only after exi>eriments in which the moment of re- 
ranee is accnrfttely measured during every stage of fracture, and 
aompletely that the strain-diagram of the exiierinieuta can he ^ph- 
Uy given, or its ecjuatioii constmcted, tliat we can obtain their values. 
18 has, as yet, been done in hut few cases, as in some experiments of 
ilgkinson, iu the work of Styffe, and in exiwriments made by Rodman. 
7°. It does not necessarily follow that tlie formulas Anally resulting 
St be either complex or inconvenient of application. Simple espres- 
118 will, at least, be found for special cases of simple character, which 
1 serve every purpose of the engineer. 

8°. It is also true, as remarked by Professor Wood, and as known by 
■ry engineer, that the iihenomena of flexure within admissible limits 

ranch less complex and much less diflicult of manipulation than those 
rupture, or than those resulting in serious permanent distortion. 
Uce, it is true that ordinary engineering practice is not i)laced at 
h a serious disadvantage as these defects of the theory of strain 
;ht seem to indicate. 

9°. In common with every member of the profession, I am called 
m to admit the great services rendered, us by Naviex in tlie splendid 
fk done by him at FEcole de» PonU et Gkawssem, iu establishing a. 
oiy of engineering, as well as in working up a thcoiy of rupture, and 
esire to acknowledge those serriees, while declining to admit absolute 
xiracy in his theories. They were eonsti-ucted at a time when science 
8 apparently divorced from tlie practice of engineering, and when his 
\ice8 in securing a geniMue union were most invaluable. He must 
'ays be regarded as one of the great leaders in our profession. 

would imite with General Barnard iu his remarks, relative to the 
Bmpt of Navier's pupil, Decomble, to retain the theory while mod- 
mg the formulas of Navier: " If by discarding a coefBcient founded 
)n an imaginary coefficient of elasticity, and the introduction of dis- 
Gt and independent factors, symbolic of resistance to nipture by com- 
ssion and extension, it is shown that the Navier formula can be 
de reliable, an important ser\ice has been rendered to engineering 
mce."" 

would myself add that the discovery and the m.ithematical expres- 
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sion of the varying functions which I have described, and theestabM- 
nient of fonuiilasof application embodying the facts of the variation of 
the coefficient of elasticity, of that of the module of resistance of raptwe 
by tension and conix)re8sion, and in the position of the neutral sniftee, 
which are still, as pre\iously, essential but unknown elements of a cor- 
rect theory of strain; all of these 3'et remain to comx)ensate someskill' 
fill exx)erimenter and exjiert analyst. Their determination would ean 
for their fortunate discoverer higher distinction than ever won by dtlier 
Coulomb or i^^avier. 



ILIER HESEAECaES ON TUE PROPERTIES OF THE ME- 
TALLIC ALLOYS. 



3 BV COUMrn'HE ON METALLIC ALLOVa OF THK VSITED STATES 
DABD, AI'POINTED TO TEST IRON, (STEEL, AND OTHER METALS. 



RESEARCHES ON THE METALLIC ALLOYS, 

INTRODUCTION. 

Hlc i^ter, before making tlie reaeareliea (lii"ectG<i by the Committee 
Metallic Alloys, aud before entering; iiiKin the seiies of experiments 
the chaTaoteristlca of alloys, ha«, as a proper iiitrodnction to tlie 
Pk, made a nomewhat exhaustive examination of the records of earlier 
>eriment8 made in this direction, with a pm-pose, both to aave useless 
or In repeating that part of the work whidi has already been done 
iuvestigators of acknowledged antliority, and to make the rejiort 
the connnittee more complete by incori'orating » synopsia of the 
ords of rGBearehes of others. A large number of pajiera by various 
:terH in the difterent American aud foreign scientific Journals have 
in re\-iewed, as well as articles on the alloys in encyclopedias, die- 
taries of chemistrj-, &c. In all cases where practicable, the original 
tQoirs were consulted. A list of the authorities and pajiers wUl be 
»d in the apiiendix, 

Che result of thia preliminary Investigation ha« been to reveal a vast 
ount of information on the chemical and idiysical properties of the 
3y» ; but such information is widely scattered, and authorities do not 
'"ays agree. Some exiierimenta have been made upon alloys made 
m the imiHu-e commercial metals, others tirom metals rendered chem- 
lly pure for the piirijose.' As a necessary consetiuence, the results of 
«B expcrmients differ. Again, the apparatus used has not always 
iU of the same degree of awnracy, and this ha« produced another 
ise of disagreement. These differences, however, are usually slight. 
B greateat difHculty in obtaining information on the subject is not 
■t thure is not enough written, but that what is written is so widely 
ttcred a« to be acoessible to but few. 

iliis deficiency it wilt be endeavored in some degree to remedy, by 
cing the results obtained by various experimenters side by aide. 
Ve shall consider, in the first plu«e, the properties of the alloys in 
leral, aud then discuss the difi'erent alloys in order, beginning with 
't^B of two metals only, and then taking those of three or more. 




I 
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PROPKRTIES UP THE ALLOYS IN GENEHAL. 

It is eviik'iit tli;it allovs, lioing coiiiitosed of iiiftallii- IxHlies, irifl 
seSR alltia- |>liv>i('jl :iLiii i'lj(-)iiiL';il ..-liaiartni-^tirs i>l' iLii-r^ils; Ib.-v bt 
tbe uietallit; liist.T. .\n- im.iv .ir Kss .lu.lili'. iiiiillral.l.-. cliiMi.'. ;hi<I - 
rou«, and (^..l,<^ll.■t licar and .■Icliiril 
tainuig thi'.sr |ir.i|.cLlJi's, Ituwrvt^i-, tin 
of itapmiii.'vtii's, rli;it it ni'tiMulin-snui 
and migllt, (.iiisriiiiriilly, !»■ n-;^;iMlri 
iatic* pwnliiii' t<i iisvlf. Tliis is fs\»'i 
uaed in tbe arts. It ^oiikl aluKist 



■nltt 

"iiml iss... mo.iifle(i iiiw 
l>le fH\wr of its ooiistitiie] 
iii'w metal, lia\iiig cliatw 
lie t-ase witli those wblcli 
tliat t))eiv is nu ilejiaitDieiit 



the arts, rer|iiiniiK the use of metals, fur wliicli aa alloy b 
l)iired, possessiiii; all the requisite qualities wlieu tlie«e are not foraid i 
the original metals.* The physiiial properties of an alloy are ofteuqa* 
different from those of it« constituent metals. Tbas copper and d 
mixed in certain proportions, form a sonorous bell-metal, )>0S8eMl 
properties in which both metalB are deficient ; in another proportion tk 
form speculum metal, which is as brittle as glass, while l>oth ofthen 
utituent metals are ductile. It is impossible to [tredict from the cl 
ter of two metals what will be the eharaeter of an alloy fomieti fti 
given proportions of each. In most eases, however, it will be ttn 
that tlie hardness, tenticity, and fusibility will be greater than the in 
of the same j)ropertie8 in the constituents, ami sometimes greater M 
in either j white the ductility is usually leas, and the specific gravi^l 
sometimes greater and sometimes Iess.t Tlie color is not alwayi4 
pendent upon the colors of tin- coTistiliieiit uietals, as is shown bj'Sl 
brilliant white of s])eculnm imtiil, wlii.li cuTititiusliT percent. uf«^, 

Veryslight mnditiciitionsiit iini|»]riJniLS Hltni cause very gn-atcli 
in propertiea. M. BiMchot!} hIiiIl-s t!i>Lt ha citii di-te^'t the deU'rioca^ 
eflect of one part tin ui>oh 10 millioii i>aits of pure zinr, and tht'wnl* 
lias found half of a jht <;ent. of lead to reduce the strength 'if S^ 
bronze nearly one-half and to afl'eet its ductility to an almost ee "' 
ext«nt. . 

It is not a matter of in<lifferenc6 in what onler the metals arc mM 
in making an alloy. Thus, if we «)mbiue 00 imrtJ* of tin and 10 of M^ 
per, and to this alloy add 10 of antimony ; and if we itombine 10 p* 
of antimony with Hi of cn|i|ier. and add to that alloy 'JO part« of till,!] 
shall have twti :(lli'v.s clii'iniciilly tiic saiiii', hut in other re8i>ecte-j* 
bility, tenacily. Ac— llii'.\ tutall',\ dilVcr- lii tlie alloys of lead milM 
mony, also, if the heat he raised in combining the two metaU w 
above their fusing points, the alloy Iwcomes harsli and brittle. 

Some metallic alloys are much more easily oxidi/.abie than tlieaf 
rate metals. An alloy of tin and leiwi heatvd to redness lakes lire W 
Coatiuut'H to burn for Mome tune.^ ^_ 

In regard tn eertain pliysical projierties, MatthiessenH remarks Hiattt 
metals may In- iii\ idi-d into two classes: ^ 

CUist A. — Tims.. iLielals which impart to their alloys tlieh: plifB* 
properties in llie projKirtion in which they themselves exist in thesBW 

Class H. — Those metals which do not impart to their alloys tharpkfr 
ical proiwrties in the proportion in which they themselves exiat lull 
alloy. 



* MtiRpratt'a Cbeniistiy, viil. 1, p. KIS. 

t Hrp'B Dii-HmiillT, vnl. 1, pp. 48-50. 

t Brilish Awoo. RvpnrtH, 2, lOTU, pp. a09, SIO, 
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Tlie motalfi belonging to class A ai-e lead, tin, zinc, and oaduiiiuu ; and-l 

ose belonging to class B, in nil pixjbability, all tlie rest. 

"^B pk}/»iiat properties ot" alloys may be divided iutii three classes: 

f Those which in all cases are imparted to tlic allny ;i|i[iLr>\ii[iately ' 

ratitJ ill which tliey are possessed by the cninpniiriii nn'iiils. 

i Those whicli in all cases are not ijiiparted to tin- allny in the ratio ( 

BJch they ai* jiossessed by the («>n]poneut luetals. 

k Those wliicb in some cases are and in others are not impartetl to I 

iUoy iu the ratio in which they are possessed by the component I 

"As tyi>es of the first class, specific grai'ity, specific heat, and expan- 
on due to heat may be taken ; as tyjies of the second class, the fusing I 
}inta and crystalline form ; and as types of the third class, the coudavt- ] 
.power for heat and electricity, sound, elasticity, and tenacity. 



i 



THE CHEMICAI. NATURE OF ALLOYS. 



Jheehemieal natiireof alloys has loiip remained a disimted point among 
teiitists. The fiiiestion "Are alloys deftnite clieniical compounds, solu- 
>n8, or nieehauical niixtureji ! " is not easily answereil. Several authors 
^e their \iew8 and describe their methods of nniking exiierimeuts to 
B this question, but there still remains a wide difference of o]iinion 
jard to it. Most writers now agree, however, in considering some 
^as uhemical compounds and others as mixtures, but they dilt'eras 
lether any particular alloy is the one or the other. Tlius Calvert 
Hohnson* consider the tin-copper alloys definite compounds, while 
^essen \ claims that they are "solidilied solutions of one metal in 
lotropio modiflcatiou of the other." MnsprattJ says : 
y alloys roimist of aimple elements in definite or eqnivaleut iiroportions, while J 
('I'll fn>Tii componnil hoiliPB.niid often the coiuponenla ilo not exiat in . 
r clii.'inieal equivalents. Metnls, iu forming alloys, do not, however, 
ubilic iiidixiTimiiinti'ly with one anotlieT ; the nnlou ia . ■ ■■ 

ni til's wIlli'Il (uinLi.' of them intLuifest for eacli other, just m 
I wiilf, a jirediejioHiiig attraction deteriniui?s a gireferenci ... . _ 

fe« that the alloys arc not mechanical niiNtiires. but definite chemir.al comiKinnda. i 
remarkable that the native gold found in aurifBroiu annd« and rocks ia alloyed 
9l silver in the ratio of one eqtdvalent of the latter to four, five, nix, eight, t«n, vt 
ro, e<|nivnlentii of the fbrmer, hut the combtuatioiu never afford ruaultalndloative | 
the metui iK'ing united in fractional porta of aa ciiuivaleut. 

Utisjiratt farther says that another proof of the chemical comlnnatioa j 
Insisting is, tliat the compound melbi at a lower temperature than the 
>an of its ingredients; but Matthiessen§ argues that this is no proof " 
aU. 

Wf'atts II remarks that most metals are probably to some extent capable 
existing in combination with e^ch other in definite projtortious ; but 
:» difficult to obtaiti these compounds in a separate condition, since 
-y dissolve in all proportions in the melted metals, aud do not gen- 
dly dilt'er so widely in their melting or soUdifjing points &om the 
'bris they may be mixed with as to be separated by crystallization in 
tefinite condition. 

"ho chemical force capable of beinsosertod between different metals may, as o rule, 
BXj>ectcd to be verj- foeble.aud the cDnaecini'nt state of combination wonld there- 
> be very eoeily disturbed by the iniluence of other forecst. But in all coses of coin- 
"Ion between nietals, the alt^ratioiL of {ibyHical properties, which is the distinctive 

"^hil. "DTina., 1358, p. 363. 
I tBriliBh Assoc. Rcj.., 1863, p. 47. 
I iUusnratt'a Chf niistry, vol. I, p. 534. 

iBritiab Assoc. Rep. ie6:(,p.42; also. Jour. Cheio. Soc, vol, 5, lSC7,p. 
Watta't Dictionarj", vol. iii, p. Hfi. 
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featOK of rbemKAl eomliiuAlioD, dniis not take plnce In _ ... _ 

nuiiui^Mti'iiialile L'utnpimiidH of routaU are atill luntallir. in tunir gpnirnJ phpdMl t\ar- 
octers, and tlipri> is no sncti tmniinintAtian nf the indiviiluality nf iJieir ronihtanirf 
OB takt« pliui' ill tbt- ciimbi nation uf a metal with oxyaeu, or sulphur, or rhloriat.i*' 
The ultt-ratiou of ahnriKters in alluj'e in gi'msrolly limitHl to the culor, drgne of hiii 
new, tenacity, &p. 

Messrs. Calvert and Jolmson,' about the year ISCiO, matle ii long K 
of experiinentb on alloys anti amalgams made nitli )iiut> mptale, *U^ 
the hope of throwing some light u^ton the subject, aud of eolTinji ttit 
question "Are iilloys mixtures or compounds V They believe that tbOt. 
have succ'ee<led iu ascertaining : First, tbe influence whieli each idfr 
titin.il e(|iiiviileul qimotity of a metal exerts on another; secondly, tk 
alloys wliii'li are compounds aud those which are simple mixtures, tl 
ciiitipciiirMU have special and chai-acteristio properties, while i 
participate in the properties of the bodies comix»8big them. TbeylU 
that the bronze alloys are definite compounds ; for each alloy IM 
special vabie of eonducti^■ity of heat, and also its own specitie grtril 
and its own rate of expansion or contraction ; while, on tlie concn). 
the alloys of tin and zinc are mixtures ; for they conduct heat, hsvBi 
specific gravity and expand according to theorj', or acconling to d 
proportions of tin and zinc which compose each alloy. Calnrt * 
Johnson's conolusious are chiefly based upon their experijnents Mi I ^^ 
heat conductivity of the alloys. Lat#r experiments, made by MMl^ 
sen,t on the conducting jtower for electricity, led him to diSlBrent « 
elusions. He exporimeated upon upwards' of 250 alloys, all made 
purified metals. The resnlts of his investigations are published k 
valuable paper, "On the Chemical Nature of Alloys," tromtrhicb^ 
transcribe the following classiflcatiou of the solid alloys. compoaeS 
two metals, airconling to tlieir chemical nature. The reasons tat tl 
classification are gi\'en in full iu the above-named pajier, but we M 
omit them here for want of space. 

1. Solidified solutions of one metal in another : 
The lewl-tiu, cadmium-tin, ziuu-tin, lead-C'Odmium, aud zinc-cwlmioB 

alloyfl. 

2, Solidified iolutiom of one metal in the allolropic mo<iijication(f M 
other : 

The lead-bismuth, tin-bisuiutli, tin-copper, zinc-copper, lead-silver,' 
tin-silver alloys. 

3. Solidified solatiana of ailotropio modifications of the metals t* Ml 
other: _:^™ 

The bismuth-gold, biaiuutti-silver, palladium-silver, platiuum-dh^ 
gold-copper, and gold-silver alloys. 

4, Clifmiml combinations : 
Tlie alloys whose comitosition is reprcsentctl by Suj An, Shj Ao. U 

Aui Sn. 
6. Solidified solutions of, chemical combinations in one anottier : 
Tbe alloys whose coinjiositioii lies between Sug Au and Sdi Aa,ll 

Sni Au luid Au, Su, 

6, Mechanical mixtures of solidified solutions of one metal in anoAir: 
The alloys of lewl aud ziuc, when the mixture coutains more tlM ^ 

per cent, lead or 1,6 i»er ceut, zinc, _^ 

7. Mechanical murtures of solidified solutions of one metal in the aSetnfi 
modification of the other : 

The alloys of ziuc and bismuth, when the mixture contaitia mwtli* 
14 per cent, zinc or 2.4 per cent, bismuth. 

a the appendix 
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S. Mrchanwal mijlure* of nnlitllfinl salntions of the allotropw modijiea- 

ntt of the two inetaU in one another : 

float oftlie silver-copper silloya. 

Uutthie.»sc;Ti, however, does not claim that the above classification is 

■ liuble to exception. He was obliged to a.s3aine that aome of tlie met- 

nudergo a ehauge, or art^ coinertcil into an allotropic modification 
tJie presence of anolticr nutiil. in order to explain some of the phe- 
nena which he obscrvii!. luil li>' 4iiliiiils that iintil the allotropic modi- 
itionn have l)een isi>l;iri-d, lite ;i-^siiiiiption must remain a hypothesis. 
to cuiicbid , we can only siij tliut llie (jwestion is still unsettled. From 
i marked peculiarities of properties observed in a few of the alloys, 

are led to pmnounce them chemical componnds. Some others, we 

ist admit, are simple mixtures, or ratlier, solidified sohitions. But in 

-tnl to the large majority wo are still in doubt. Farther experiments 

tlirow more light on the subject, but it is probable that with the 

■ I iiumtor of alloys it will be found impossible to discover their ex- 

I'lit-mical nature, 

SPECIFIC GBAVITY. 

rUe specific gravitj' of an alloy is rarely the mejiii between the densi- 
8 of each of its constittients. It is sometimes greater and sometimes 
M, indicating, in thi' forniiT case an appro.\imation, and in the latter 
(cpai-at ion of tlir ii:n tiilrs from each other in theproeess of alloying. 
lis subjci't iiiis lici'ii stnilird by several writers, and their published 
suits ii.;.'n'r i|iiiic I'losi-ly in irgurd to some of the alloys, but ditt'er in 
-■;tiii til othiTS. These diHenmcea may he acconnti'd for liy llie differ- 
IV- iM thi* ;i!(paratiie used by the exiH-rimenters, \<} tin' Ihi-t thiit .some 
tiiiiijij;itJoii,s have Iwen corrected for te.mper:itin>' ;in<l pn'ssnn- of the 

imsplnT.' while others were uot, bnt principiilly fioni the fact tiat 
viT.il of tlie alloys are liable to be very deficient in homogeneity, and 
ut the density of the same alloy will vary m^Mirding tu the cotiditions 
xler which it is formed, as being ciist too cold or too hot, cast in iron 

ill sand moulds, &c. A bar ca^t in a vertical position is apt to have 
greater specific gravity at the bottom of the bar than at the top. Ite- 
ated Vision of an alloy ^.Iso causes changes in its density. 
It is common among authorities who publish determinations of spe- 
Ic gravities of theaUoys, to give the calcidated as well as the observed 
Bdfic gravity. The calculated specific gravity is that which the alloy 
•old have if there were neither expansion nor isoadensation of the 
■tflls during the act of combination. Some writers have made a mis- 
te in finding the calculated specific gravity by assuming it t« be the 
thmetical mean between the luiTnbers denoting the two siwcific gravi- 
^, or, in other word.'*, midtiplying the percentage weight of each con- 
tuent by its specific gravity, adiling the results and dinding by 100, 
e 8])ecific gravities should be calculated fi-om the volumes and not 
m the weights. Dr. Ure* gives the correct rule as follows : Multiply 
' unm of the weights into the jinxluctB of the two specific gravity 
tnbers for a numerator, and mu!tii>Iy citcli specific gravity number 
o the weiglit of the ntlier tio.ly and add tlii' products for adenomiua- 
• The i^noticnt olitained liy dividiii;; tin- said numerator by the de- 
Uinator i« the truly computed uu-ari M]ii'<-itie gmvity of the alloy, 
pressed in algebraic language, the above rule is — 

. (Il'+"-) I'p 
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wliei'e M in the mean specific gravity of the alloy, ir ami it the weifbtt, I 
and i* Huil 7) the Ki^ecitte gravities of the c«iu«titiieut DM^taU. Cilwnl 
and .loliusou* st^m to have fallen in tu the errur just uieiiIiuQ«il.itll 
the expanHioD and condeunatiou of difiereat alloys an given bjthtalil 
not strictly correut. I'rofe88i>r BoUey has also eommilted tli€ »oie,il 
shown by Matthiessen.t 

Tlie olisej'ved, or real, specific gravities of the alloys, however, f 
linhetl by these writera, are not affected by tlie error named, anil Ik 
aie, no doubt, worthy of acceptance. 

The valuable compilation of the " Constant's of Nature,''] 
l»y tlie Hiiiithsoniiin inNtitiition,ciintHhis a full table of siH^-itiu enrtt 
of till' iilliiyH, with the names of about twenty-five authorities. Of tta 
fhf principal Hi-e Mallet,§ Calvert and Juhii8on,|| Matthie«sen,l| ij 
Iticlie." 

The following table of the alloys whose density is greater or k«Bl 
the mean of their constituents, is giveu by sevenil writers : 



Gnid anil tine. 
Gold and tin. 
Gold and IfioniiiTh. 
Qold and nnijnioiiy. 
GiiUI and cobalt. 
Silver Rud nine. 
Silver and tin. 
Silver luid biamutU, 
Silver and autiiiiuu}'. 
Capper aud zluc. 
Copper and tin. 
Copper and palladinm. 
Copper aiid oismiil h. 
heioA and antimony. 
Plattiiuin and lootybdeuni 
PaUndiiim and l)iHiuiitli. 



lym tlu ABBttlx nf vlikb I> la 
uribeirour ' 



Gold and biIvot. 
Uuld and ir<>u. 
Gold und lend. 
(Sold and po|i(ict. 
Gold and iridium. 
Gold and nickt-l. 
Silvrx and cupjmr. 
Iron and biamutli. 
Iron und antituoujr. 
Ir<m »iid li>ad. 



Tin 



ud h 



Tin mid lead. 
Tin and palladium. 
N'irknl and arwiiio. 
Zinc and auiimouy. 



The above table is prolmbly inaccurate in many ivspects. Cm 
J<thnson agree with Matthiessen in giving the dt•m^ity of the lil 
lead and antimony as leas than the mean of the constitaents, and m 
tluesaen shows the alloys of lead and gold to have a gi-eaterdcM 
than the mean of their eonstituent'S. Some alloys of tin and g<^ ^ 
of bismuth and silver are t<liown by Matthiessen to have a grMteriM 
some a less, density than tlie mean of their constituents, and theBr 
is true of the alloys of some othei' metals. 



A remarkabk- property of many of the alloys is their great fiisiWli? 
In neaily all cases the ftisiug point of an alloy is lower thtui tie «r 
of its constituent metal^ and in some instances, as in the so-called B 
ble alloys, it is lower than that of either. The cause of this fiwl J! 
not been definitely ascertaiped. Some regard it as a proof thrt ( 
alloy is a distinct chemical compoond, but most authorities difiif w^ 

" *PhH. Mag., le, 1859, pp. 354-358. 
tJour. Clicra. 80c., vol. 15, Ibffi* - 
t ConHtauta of Nature, publisliF 



tlie Sinitliptoninn Institntion, WnsliinpoUp "■ 



{ PbU. Mag., vol. ai, iej9, pp. 6l)-fiH. 
I Phil. Mag., vol. ly, 1859. pp. aM-JKiS. 

UPhil. Trans., IHOIl, pp. m-\Si. 

" Complei Jienrfii*, vol. 55, 18ii3, pp. 143-147, 
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s view. Mattliiessen • supposes that t^emical combinations may exist 
tlie f'nsefi masit, wliieli miller tieconiixtsitioii on <;ooliii{f or solidifying. 
Bays that Hie low liisiii;: points admit of psplanation by usmimiuK 
rfdieuiical attraction lietwccii tlietwo metals comi's into play as soon 
tlip teiiipcratiiif- riscM, ami llu- Hioiiu-iif llic smallest poilions melt, 
^n rlie actual ciicmical (■oniponiHl is fonncd wliich liiseB at tlie lowest 
n|)eratnre, and tLcii acts as a tiolvent for tlie partirles nest to it, and 
pmniotes the combination of the metals where this win laki; place. 
II another placet Matthiepsen remarks that all mixtures have a lower" 
inj; poiiLf tlian the mean of the substances foniiinR the mixture; tor 
tan<'e, Nalt-water solidifies lielow zero, and a mixture of the chlorides 
Koiliiim and p<i|;issiniti I'nse at a lower point than the mean of the 
in;,; jHjints of tlif eoiiipuiieiitts. 
'Ills fact, he l)elic\ es, admits of explanation as follows: 

I i* generally adniitteil that mutter iu the solid state oxbibitit ao excess of attrac- 
I over Kiinlsiun, jvhilp in tlii- Hquid state these ftirces arc balaimed, aud in the 
!WD8 state tvpiilsioii prviloiiii nates ovvt attrautioii. Let us assiimo that similar 
;iclt>B of matter atrract each otUer miire powerfully than disainiilar onea. Jt will 
k follow tliat the attntctiou snlisiBtitu! between the particles of a niixture will be 
K-r overcome by rennlaion than iu the ease ofalioiuoKeneons body; hence uiiiturcfl 
lid fuse more wadtlj than their eoustitnents. 

i«me alloys liave been observed to fitse at one iwiiit and solidify at a 
er one ; for example, the tin-lead alloys, which all solidif^' at 181° C, 
. Uie fiisiHg point of whieh varies with the different proportions of 
component metals from 181° C. to 302° C. 
ktnceming these alloys, Filliehody} remarks as follows: 

lien the poinM Of solidiHeatinn are obeerred by inuuereingthe thermometer iathe 
UhI alloy, it iiHually exhibits, dnrint; the paasa^ of the mass from the liqnid to 
iHilJil state, two stationary pohiis. This effect is duo to the sepnratiou of one or 
■r of the eoitiponent melals, while an alloy of constant composition still remains 
id. This alloy corresponds to the conipo^tion Sn-, Pb. An alloy richer in lead' 
lid drst deposit lead, and an alloy cnnlaininii a larger proportion of tin wuald first 
Wit tin— the alloy Sng Pb remaining liqnid lor a longer or shorter time, and ulti- 
ely solidifying at 181" C. This temperature therefore correajioudB to the lowest 
ting piiint tliiit can lie exhibited by an alloy of tin and leiu), a larger proportion 
ilh.-r iiieliil iMiusing the melting point l« risH. 

Villi the exception of the alloys of tin and lead, and the fusible al- 
8, tile tiisinfi iwints of but few of the allojs have been determined. 

accurate pyrometer for temperatures above red heat is ((reatly 
<led for this puriiose. The "Constants of Nataire," while it has the 
eific gravities of several hniidred alloys, gives the melting points of 
y six, exclusive of the fusible alloys and those of lead and tin. Mai- 
i (lives the relative fusibility of the several alloys o£ copper and tin. 
I copjier and zinc, and shows that tfaeir thisibility increases regularly 
the proimrtion of copper in the alloy diminishes, 
(ome alloys in jiassing from the liiiuid to the solid state do not change 
SHce, but reitiaiii for noiih- time in a pasty condition. Their teinpera- 
e of Holidilicalioii, tlierefoie, eaonot be distinctly recognized. This ih 

cose with an alloy of the comjiasition Bi, Pb Sui,. which is fusible ili 
ling water, b«' which remains in a pasty coiiditaoii thr<m^h an inter- 

of several degrees of temperature, ao that it can be handled like a 
ster. 
L Person;! made esiwriments, upon the alloys Bij, Pbj Sn, (D'Ar- 

■British A^Hoe. Ki-iHirtd, 1663, p. 49. 
tJour. ChiMA. 6oc,, vol. 5, 1S67, p. ai7. 

I Jour, fhem, Soc.^ voU 15, 1862, p, 30.. 
JPhil. Mbk., vol. VI, 1842, pp. 66T«d. 

II Vomptet Bradii*. vol. 95,. llM7, pp. 444-.446. 
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e^t's alloy, ftisihie at 0(1° C), Bij rii Sn^ (fnsible in boiling wat<?r), andS 
Pb 8d: (tiisible at 145° C), and t'oniied the coiiolitsion tltat it is ]>cmVk 
to aflaigu iu advance the beat uet-'eiieary to fuse an iilloy, it' tliat 
to fuse each of ita uomponeot metals is known. He (fires the fiinuli 
{160+ t) 9 = 1, in which (is the temperature at which fusion is eT 
for examjile, 3;f2oC. for lead if melted alone, bnt only IMf^Cif 
in IVAnot's fiisihU- alloy; I is the expenditure of heat iifc^eesarytP|(t 
dini' rln' tii^iitii, that is, a certain numlier of caUtrirg (1 oalonrsHJf 
" British tliiTrii:!! units) variable with (; '^ is the ditt'erence of thuraedii 
heats III" till- lii|iiid nod solid. Iff and / ai-e known, H cau be fiiuna. fi 
the ctise of tin, t = i'J.^, I = 14.3, from which -» = f}Ji3ii)i. Hams * 
^-alne of ■», it is easy to calculate the lieat newssarj' to uielt tin MM 
temperatm-e whatever, for insbmce at iiip (.'., for which wc Uiul MJa 
Making the same calculation for bisuiitth and for lead we tiiul IJi&u 
2.7 cal. It only remains to take these numbei's in the prujioitiiui i 
which each metal exists in the alloy, which gives a httle less tlwnU 
calork-M, which differs from the number found by ex])t;riinciii ( HflW 
only 0.3 (Mi- 
Nothing appears to have been wiitten niton this bmnch of tlie a 
ject sine* M. I'erson's paiwr was jmbli shed, but it is pn>liahle Tliatiftll 
investigation was pursued further our knowledge of the causes of • 
remarkable fusibility' of the alloys would be muuh iiici-eased. 

M. Kiche" has determined the melting points of cerlaiu-alloysrffc 
and copper, by means of Becqueret's theriiio-eleutric pjTometw- Bl 
obtained concbrdant results with the alloys f^n Cuj and So i_'ii„ butftt 
all other iiUoys the ri-siilt-i .lilleivd widi-lv iiiiioiig tliernselve^. 

W. ('. Iti.bei-ts,li'ln-iL,i.sl t.i Mm- Uritisli mint, liiis iiublished a wTiei 
deteniiiniilioiLs.iftlic [nclliii;^ iK-inls i.l' scvcnil alloys of silver and «f 
per. The teniperiitiire wiis I'stiiiiiiti'il by (indiug the amotiiit of W 
coitainedin a wrought-ironcylimler of known weight which wnailPoHl 
into the melted alloy while in the furnace, and removed hh soon ui 
mass showed signs of solidifying. The specific heata of tJie iron MJi 
the alloy were the data usejl iu the cdeulation. The alloy, coiiipo«d< 
63U.2D parts of silver and 3(i9.71 parts copper, con'espondin); totliBhr^ 
nia Ag On, Hhowod the lowest fusing point, or 81t).8° C. ; tJiHt of ft 
copper being 1330° C, and that of pure silver 1040° C. 

LIQUATION. 

Manv of the alhn s exhibit the plicnoniena of li(|ii!ition. or sfTtawSl 
of the ma-ssof iLirlliMl i.u-lal in llii- art of suliilitication into two WBT^ 
alloysof difli'M'Lil riii:i|)usili<iii. Tin' ix'sitlting alloy or mixtiuvtrfd 
iBConsequi'iill.v ilrticirnt in liniiio;;<'hi-ily. The causes of tlUs sCp» "' 
areas yet but irupeili'i'tly iiiiili>isti"nl. SiuuetvbservatioueseenilO^ 
thataualloy of constant coui]iositiou aiul of acoiaiiai-atively highlW 
point solidifies firet in crystals disseminated throughont the insiss,*! 
the remainder of the melted metal remains flrtid ibi' a longer tiiMi •• 
finally solidifies aroimd and amoug these ciystals. This fart W 
tend to prove that the first alloy solidified was a distinct cheinlOilM 
pound, but it has been shown that cryetals of exactly the same i^ '" 
ance have been formed from two metals in a wide range of propd 

The different circmustaiicrs under which the sep.iratetl aUoj-BiiWl' 
formed, such as tin- heal uf the uietal whru jtoured into the uiuW, " 
the faet of slow or of rMjiirl (.■iinliny;, nre known to have some ii " 

~~~ '^ -ji^Ji'T/iiHi.. vui. :(u, I87;i. (i.ajl. 

tPw.:, Roy. S.U-., vol. 23, IKJS, pp. 481-195. 
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on the amount of liquation, or the dilTeronoe of compoaition of diffor- 
t \>axt» of the same castuig, hrit this iudiience is uot exerted iijiou all 
oys in the same direction, some alloys lieiiig atVeoted in one vay and 
tne in aJiother by the same manner of treatment. The bronze alloys, 
ah as gnn-metal, are suid to hare the lit|uation diminished by ra]>la 
aling. When the mass iu cooled slowly, biuuze castings often show in 
s interior what are called spots of tiu, but what are i-eally 8])ot4 of a 
lite alloy of eopiier and tin, euutiiiniiig a lurgei- pereentage of tin than 
B average of the whole casting. AMien slowly cooled, also, tlie bottom 
the easting is often found to contain a larger i)ej«enlage of cojiper 
»n the top. When cooled rapidly, however, as shown in tlie ex|ieri- 
>ut8 of General Uchatius* iu ca^tuig cannon in chille«l molds, the 
uation is reduced to a miuimmu, and the resulting alloy is more 
niogenexjus, 

Levolt made some exi)eriniei]ts on the liquation of the alloys of silver 
d (topper, and concluded that tlie ouly homogeneous alloy of these two 
itals viss the one whose composition is 718.97 paits of silver and 281.U7 
rts of cop]ier, correspondhig to the forninia Agg CU), and that all the 
■era are liable to more or less liquation. It has lately been shown, 
wever, by Mr. W. C. Koberts, J chemist to the British mint, that tlii« 
t>y is only homogeneous when cooleil rapidly. If tlie cooling is slowly 
Kcted, itA homogeneity isdisturbedjtheexternal portions being slightly 
l»er in silver than the center. 

iitr. Koherts made several determinations of the liqnation of other 
o^s of silver and copper, and found that the arraugement of an alloy 
to a great extent dependent on the rate at which it is cooled, and that 
'eral alloys of silver and copiierai'e under suitable conditions aa homo- 
B«i)Us as I.evol's alloy. The alloy of 925 partti silver and 75 i)art8 
*per was fuinid to be nearly homogeneous when oooled very slowly, tlie 
nposition of the corners and center of a cube 45 mJUimetias on a side 
iwing a maximum (liflereuce of only 1,4 jiarts in 1,(HK), while the same 
eil co<il(!d i-apidly showed a ditference of 12.8 ]»ui-t8 in l,(l(Kt. 
3<il. J. T. Smithy relates in ri'fi'i'ciu'c To smrie exjifriiiLi'iits miide by 
■ on the alloy of silver and ('(i|iiii'i- I'uiitiiiiiiii;.' "I'l i"i' fcnt. "f silver, 
it the sepivration of theconstitiinii pans -if ilji' a liny \v;isiiiii so much 
3 to the rapidity or slown&ss with whifli the lir;it nf tiji- Hiiid metal 
s absti'acted, as to the inequality afiectiug it** removal from llie differ- 
' parts of the melted mass in the act of consolidation. Thus, if a cru- 
le full of the melted alloy were liftetl out of the furnace and placed 
tiie door to cool, the sur&ce of the melted metal within it being well 
■"ered with a thick layer of hot ashes, the lower parts of the mass after 
lal become solid would be found to contain less silver in proportion 
bti the iip|)er surfaee. 

[f, on the other hand, the crncible w^% left to cool while imt>edded in 
t fiimace, the upper surface being exposed to the air, then the lower 
t^ woidd, after solidification, be found finer than the upper snrtkce. 
Kichelj hai4 made several ex[>eriments on the liquation of the alloys of 
»J>er and tin. He remarks that to inanifost the property of Uquation, 
B nece-isjiry to agitate the iTiicibU' ,oiil;iiniiit; the melted alloy, at the 
'iDeiit of sohdification, in oithT t<> si-|Ktr;it>- llio small crystals already 
■ttie<L The results obtained on the last priMluct,remaining ligaid Id » 
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tnass weiglitng 1,000 to 1,200 grammes, Khoirod a remarkable liqontii: 
of all the alloys of fojuitr and tin esiiept those coiTesi»on<liiig tothe(M- 
tuitlac 8n Cua ii>d Su C'h„ 

Several other alloys exhibit like phonomena to an even greater eitat 
than those above mentioned. Matthiesseii and Von Bose experiment^ 
upon alloys of lead and zinc and bismuth and ziuc^ melting the 
together in various proiwrtions, and found that one end of a bar w 
have an excess of one metal and the other end an excess of the ot 
Alloys of copper and lead wintaining an excess of load sbownlkiH 
tion in a remarkable degree, the excess of lead partly oozing out (Ml 
tlie ma^s on cooling. 

SPECIFIC HEAT. 

The published determinations of the siieeiHc heat of the alloys snM 
numerous. Thiftresnlts not from any difficulty of making tlie obeer" 
tinns, t»ut piobably because they have not been coiisidei'ed of such p 
ticol importance as those of other properties, and partly, also, becatiM 1 
Itegnault^s* detenninatious, made in 1841, and bis dednclionit tberefiW 
are accepted as tinal. 

M, Kegnault determined the speciHc heat of two classes of alloys: I 
those which at 1 00^ C-. are considerably reuioved from tbeir fusing pfrf 
and, secondly, those which fuse at or near 100° (A The siieciflc hcM 
of the first series yteve remarkably iie^ir to that cnlculatul tivm tt 
specific heats of the com[>onent uietals, so that be auntutnced the ft 
iug law : 

" The. speciji^ heat of the alloys, at temperatiiren cormidfrably removed Jn 
their fating point, in ej^aetiy the mean of the upecijic heatu of the mtU 
which compose them.'" 

Tlie mean specific heat of the component metals is tlmt obtained h 
nudtiplyiiig the specific heat of each metal by the jiercentage amonnt* 
the metjtl contained in the alloy and dividing the siuii of the prodntP 
for each alloy by 100. 

A ciirions fact discovered in regard to these alloys is also that tl 
product of the speciltc heat of each alloy by it^s atomic weight is sennU 
constant, varying in the whole series only from 40.70 to 412.05. 

The second series of alloys, or those which fuse at a tcuipt'i-jlnre a 
or near HHP C, show a wide divergence fi-om the alwve l;i\\ . ihr siHviJiB 
heats of all of these being much higher than that calrnhtii-il Iri-iii rhrir 
constitneTit.s, The product of the specific heata bv the alomic wdgbn 
varii-d ;i]hi> from 4.">.83 to 72.97. 

MalMiirssiii + d'-si -ribes a simple arrangement of the difri.'rt^Qtialtl 
moiiit-ii'i' t'lir IIk' puL'pose of showing that the specific heat of an Bilk?' 
the same as the muan of those of its components. 

EXPANSION ItV HEAT. 

The expansion of the alloys by heat has been examuieil by Mm 
Calvert and Lowe, J with a view to learn whether their ex]>ansion folloi 
the law of the pro^tortions of theu' components. Four series of alloys w 
examined, namely, those of zinc and tin, lead ajid antimony, zme I 
copper, and copper and tin. In eat^h case the expansion was leea tl 
that deduced by calculation from tlieir equivalents. 

'Arm. dt Chim.. vol. 1, 1841. m<. iaiwi(m 
t.Ii)iit. Chciin. Soc,. vol. 5, 18tl7, ji. StB. 
IClioui. News, vol. 3, 18G1, p. 315. 
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In alloys of copi>er with tin, it was foitud that where only a small 
quantity of tin entered into the voinpoHition nf a bar, the expansion fell 
considembly below that of pure copper, altliongh the tin added has a 
auiob higher rate of expansion than copper. 

From experiment* made by Messrs. Calvert and Ijowe iiimn the ex- 
pansion of chemically pure metals, they conclnde that a verj- small pro- 
portion of impurity has a marked inflncnce ii|)on tlie eximiiHion. Their 
results differed largely from those of other experimenters who uaed only 
the I'oiiiiiieraal metals; but when they, too, used commercial metals, the 
results iigi-ee. 

The alloys upon which they experimented were also formed from pure 
metals, aud on acconut of the difficulty of procuriuf; these in sufficient 
qnaiitity, the t)ars exi>erimeuted on were very small, being oidy SO milim- 
eters, or less than 2J inches lonp. The apparatus nse<t, however, as 
described at length m the "Chemical News", was so sensitive, that an ex- 
paiision ()f ii,^t(, of an inch could reiwlily be observed 

If ex]>eriuientj* were made u|>on alloys formed from tlie ordinary eoui- 

■tt*>rfial metals, it would probably be foiuid that their rate of expansion 

: Mill differ considerably from that of alloys formed tmia pure metals, 

I In- iiiiilK'ular condition of a metal was observed to have an ijnjror- 
, Lit iiilliiciice on the rat© of expansion, llie same will no doubt be 
jiiiiiiil fine in the case of alloys. 

.Miiitliii'ssen* states that the expansion due to heat of the metals 
tiiki's |Kirt in that of their alloys api>roxiniately in the ratio of their 
r>liili\r' volumes. He gives a table of the expansiou of Beveral alloys 
which teuds to coniirra his statement. 

CONDUCTIVITY FOR HEAT. 

The ]K)wer of the alloys to condnct boat has been examined with great 
cai* by several experimenters. The published results are not always 
•roin'ordant, but the differences may be jiartially accounted for by thw 
viirioiif kiiiilK of apparatus used, and llie great influence which snuill 
imiHiriiics ;iiid cliiuifies in molecular condition and ei^stalline form exert 
npuii coiLcliii-livit.v. 

The (orniui-tiiiy: power for heat in an alloy is found in some canest to 
b© the mean of the eouducting power of the component metals, and in 
others to aiiparently have no relation whatever to such mean. As ex- 
ainples of the first case nmy be cited the alloys of tin and zinc and tin 
and l«^ad : and of the second, the alloys of gold and silver and gold and 
topper. Firini tlLis <',ircnni stance it has been exjiected tliat the heat-con- 
fluc'lin;; iii.wcr luuld lie used as a means of detenuiniug whether an 
alloy is ;i ('liiTiiiriil coniponud or a simple mixture. As before statctl, 
liowi'viT. till' jiHiliiaities differ widely on this point. 

^Messrs. W'ciciiiiiimu and Franzt, in 1853, made some experiments on 
tin- icniiliii tin;; ]"iwer of the metals and of a few of the alloys, using a 
tln-niHi rli-(ini,srope as an apparatus. 

Ill IfSnS, Cahcrt and Johnson} made an extensive research on alloys 
iiomied from pure metals, using an apparatus of tlieir own invention, 
by which the relative coiulucting power was shown by the rise in tem- 
perature in a given time of a given volume of water secured in a box at 
one end of the bar, while the other end of the bar was heated to 90° C. 
Ihey claim that the method which they employed gave such consistent 

• JiJiir. Chi'in. Soi>., vol. 5, 1867, p. 206. 
iPo-jg. AKnat'-n, vol. b9, IKW. iip. 137-631. 
tPhil. TrauB., 1868, pp. 3*9-3^. 
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remtilte, tliat tbcy were able to detenniiie tlie infliieace exercl«eil vuj 
wmductiiig power of tlie mtttuls by the suldition ol' 1 or 'J per ceut 
unotlKT nietiil, ftiiil iviso to ai>inet;iate tlie diflerence of condactivHy 
twd iilliiys luiiilc III" tlie same luitals aud oiilj' differing by a fewiter« 
ill tlif tiliitivi' |mi|Mirtioiis of the metals eomposiii^ tbeu>. They foi 

iilsii i1l;H tlLi> !■ liK^tiiig power of inetulij was different when they w 

i*i)]k-d out into bars ur east, iiDd that it was modilied by luolecalnr 
raijgeiuent oi' position of the axvs of crj'stallization, a^ wa^ shown 
the different iMinductiiig power of metals cast horizontally and ^'e^tical 
Some C'lU-ions results were ob8er\'ed iu reuard to alloys of f^viil aud «1' 
Silvei being the best conductor, its oonductiyity is rated as 1,(100, H 
that of gold, the next, is 981 ; but gold alloyed with 1 i^er etrnt of Hil 
has a relative conductivity of onlj' 840. 

The conduction of heat by alloys, according to Calvert and Johtu 
may In- iinisiilrn-d under three general hemls: 

■I'liiiuct heat in ratio with I/ic relative eguivaleHl» ^ 



u-Uih . 



""/'" 



■/ Unm 



irliich there i« an exeeM» nf eqiiirnlenh <t/ the vor»e o 
hifi metnl orcr the nvmber of eiiiiinilmln nf Hie lutti-r finnimtor. siich 
ulliivs riiin]Ki8ed of 1 Cu and - Sii, 1 Cm ;iiiil '■'• Sn, &c., and whicL jii 
si-Dt tlLc i-iiriousand nnexjM-ctf.l nilr llul '/"t/ cndurl hmt an i/ihry* 
not ciintaiH a particle of the better cuniliulor, the coiiUm^tintr power of ai 
alloys being the same as if the bai' was ent iiely composed of the woneat 
ducting met'Ul. A not less remarkable favt ii^ that the alloys of a « 
such as tlio.se of 2 e<piivnlents of bismuth and 1 of lead. 3 Bi and '■ 
4 Bi and 1 Pb, all coinlmt liciit aliki', tlic vaiioiis increasing q 



of lead exercising 

The results obtaimil 
OUgine^rs; for it will lir isci-n in 
that no increase is gained iu tin 
the quantity of a good condin 
decided loss, unless a sufiicicnl 
be employed to bring the alloy 

". Alloys compo»ed of the em 



iitivitv 
h'\s cliiss 111" alloys iue most iniport«» 
II the rase nl' alloyn of bntss and bnpj 

11' ifiKliiriivity of an alloy by 

[<>) ; iiav, ill inaiiy cases it would be 
i|iianlilv i>r llic lietter conducting WtH 
iiiiit-i die tliird bead. 
; metaln as th) lout claji», but in irkiA i 
number of equivalenta of the belter conducting nietat in greater thaatJitKH 
ber of equivalenig of the irorse conductor; for exiimple, alloys uoiii[itM 
of 1 Sn 2 Co, 1 8u 3 Cu, &c. In this case each alloy has its own 
tiary conducting power; the conductivity of such an alloy 
increases and tends towards the conducting power of the better 
ductor. 

In a later exi>cnnient ujion the cnndnctivitv of mcrcnrv ami thi- fli!* 
gams, Calv.-ri ami .Inhn.-^ti.ii" .U.si-.mTcil tliat tlii-y lani nia.!.- ^i pf*! 
mistake in tlirirlirsi f\|iiTiiiu-iir iu ilelriiiiininj; tlii' r.nidiu'livit; yl llll'■^ 
Cui-y, by disr 



tht^aiipa 



lity 



or Ir,- 



vLiliv.M 
mciilNiJir 
thai 



ny i.thr 



\\H- 



■al rrUni\ 
111 I 
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llH- 



iiiil anw];'»»* 
■tv the siuue* 



mil iu all eiises that their conductivity w. 
that of pnjt' mercurj". 

AVeiilciiiami,t iu 1859, published a paper in which be calls m qm'stW 
the accmncy of the results found by Calvert and JobiiKon, and ijitifl''* 
the appaiBtus they used aud the small size of the barn upon wbicli tM 
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Ited. He also ^ves tbe results of noma experiiaents which lie 

upon thG ctmductivity of ti few iUloys. 

)8i»eu' tltisoribetj a simple appa.rjitii.s for sliowiiig the ilifierent 
ities of alloys. He also states that the conductivity fur heat 

no evidetiue of whether an alloy is a chemical compound or a 

CONDUCTIVITY FOB EL^OTRICITY, 

aductivity for olectrieity, like the conductivity for heut, is one 
qiertieR which jti some alU>ys is the mean of that uf the corapo- 
als, and iii otliers seems to have no relation whatever to such 

lave been a large number of experiments ma^Ie upon the electiic 
nty of the alloys, hut in this, as in the examination of other 
B, with widely varyiug results. Li the flrat place, the determi- 
f the condiieling powei-s of the metals themselves aii' fiir IVoiii 

ae, for iuatauee, the conductivity of copper, acconltiij; tu dif- 
perimenterB, is given at utmibers i-aiigiug from fltl to 10(1, puie 
nglOO. 

Matthiesaeii f has shown that small traces of the metals, and 
f of the metalloids, i-educ^ the Cftnductivity of copi>er to a great 
He states, also, that there is no alloy of copper which coiuhicts 
f better than pure copper, and that the fact of tlii> u ins ixper- 
ipon being annealed or hard drawn causes a utaikiil •lilVin'Tii.-e 
lies obtained, annealed wire Ijoiugii better rordliU'tortlLaii li:ii'd 
od, fiirther, that ti-iiijitTiitiiri' li;is likcwi.te a niiiikcd iiiliueuce, 
B losing in coudiu'tin^' |»iwr'i' ;is tlii' tfiii|if[;itiir<' iiirreases. 
1, Professor ForlM'si piilili:>lir(l tin- sl;ii.-iiii'iil Ihiil the ordet of 
^powers of the Tiu'tuls fur liciit mid (or eh'i'ini'ity is the wame. 
i) as a general conclusion, " that the arrangement of metallic 
ra of heat does not differ moTO from that of those of electricity 
er arrangement does alone nnder the hands of different observ- 

' years Ihter, Weidemann and Franz§ arrived at the samecou- 
. regard to brass and German silver, and Wei<lemann|| in ISTiQ 
1 the same in regard to alloys in general. Weidemann and 
narked that whatever the quality may be upon which calorific 
m depends, the close agreement of the figures renders it exceed- 
bable that the same qnaUty influences in a similar manner the 
lion of electricity ; for the tliveigence of the numbers express- 
jndaetivity forheiit fiiuii tlmsi- exprej^sing the conductivity for 
fare not greater llniii lln- tliwct^i-nces of the latter alone, ex- 
y the results of tlill'civnt iil.s.TviT:*. 

«t extensive series lA' iiiM>ti;;:iriiiTis upon the electric eouduc- 
lUoys hasbeeniiiii<l>-l>y M:diiii<'SM'iK His results are publialied 
bwing papers: "Oi! tin' l';ii*<'ii-ir ('uiMliirting Power of the Met- 
On the Electric rdiulin'tiii^- ri.wcr <-f Alloys";'' "On the 
of Temi»r»tiireou thi* I'MwtriiCoiidmtiug Power of Alloys ":+t 
lenno-Blwitric Series ";}J "On the Effect of the Presence of the 

• Jiinr. Chein. Sun., vol. 5, lfi67, p. 213. 
I PliiL Trniw., 1860, pp. 8S-92. 
t Phil. Mug. vol. 4, Itm, p. 27. 
iPoffg- Annatm, vol. HO, 18S3. pp. 497-531. 
I Foog. Annaln., vol. 109, 1959, pp. ;t93-40r. 
t Phil. Trans., 1858. pii. 3t«~387. 
I •• Phil. TruDB., 1860, pp. 161-176. 

il. Trans., 1864, pp. 167-200. 

il. TrauH., 1856, pp, 369-381. 
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Metals and Metalloklfi upon thi' Eleftrit? Condiiotiiig Powrr of Pnw 
Copper";" "On the CUemical >'Htnri>«f Alloys ",t 

It was ctiiefly fVom thtwe rPBearchcM that JIattbieHseii iirrived at tlw 
conclusioiio iu ri'nard tn tlifl qiip«tiou wbether alloys are cUemiuil vun' 
pounds OP raixtui-es, whifh have already been given under the hrad M 
the tibemical nature of alloys, 

Iji regard to Hie coiirliictint; power for eleetricity of th« alloys. Mitt- 
tbteHsen diviiles thi' mrliils iiitii twii i-liisses: 

Clans A. — TliHSi' iiirtals whirli, when n Hoy ed with one iinother, cob- 
duct electrieity in thr nilid nf thi'iv ivliitive voluuiea. 

Clam B. — Those metals wlii<;b, when alloyed with one of the mrt 
belonging to class A, or with one another, do not wincitict eieetriHty ii 
the ratio of their relative volumes, but always in a lower degrte tl 
the mean of their volumes. 

To Cbiss A belong lead, tin, stine, and ea^imium. To class B b ' 
bismuth, mercurj-, antimony, platinum. |)ii11:idium. imn, a)n]iiiniuii.si 
copper, silvei', and in all probability most of the other metals. 

CHYSTALLIZATION. 

The crystal lizati on of alloys exhibits some inirious ]ihenomena. 
was formerly supposed that if a distinct ciystal of an alloy were founl| 
it would have a detlnite chemical eonii>osition. and would show tliatll' 
alloy was not a mixture, but a veritable rlieniii-Hl eom|xuind. 

In 1854, however, Prof. J. P. Couke t piiblisheil a paper on two oy,^_ 
talline compounds of zinc and antimony, which exhibited such ptopa 
ties as justified Mm in considering them definite cheiniciil eomponMK 
To distinguish them, he gave them the uames of Stibiotrizincyle, wM 
the formula Sb Zn,, and Stibiobizincyle, with the formula Sb Zni. 
the paper named, the crystalline form and other properties an; fudydi 
scribed. 

A short time afterward, it was found that well-defined ery8ta!«,TH 
those described as Sb Znj, were obtained from the alloys containinjcw 
tween 43 and 00 per cent, of zinc; and even in alloys of a higher d ' 
percentage crystals of the same form were still seen, altliough they « 
no longer well defined. In the alloys eontaining lietweeu 20 and 33p 
cent, of zinc, well-defined crystals, like those (lescribed as Sb Zntt 
forme<l; and finallj-, there separated from the alloys containing heV* 
33 and 4a i>er cent, of zinc, thin metallic plaies, which evidently b 
to the same crystalline form.^ 

The same fact has been observed by Matthiessen and Von Buselji 
regard to the alloys of gold and tin, namely, that well-defined co'Sial 
are not limited to one definite proportion of tiie constitiientB of an allfl 
bntare common to all gohl-tiu alloys eontaining from 4;j to 27.4 )>erMii 
of gold. Tliey also found in the case of these alloys that the cry** 
and the mother liquor were never of the same comiKisition, the i>eiwi 
age of gold iu the mother li<pior being mneb below that in the cryAtA 

From exiierinieuts by P. H. Storer.|| it appears tliat the alloys of w. 
per and zinc j-ield crystals, sometimes exhibiting distinct ot-tiUiedii 
faces, sometimes in confused aggregates of crystals, but all of octobtdnl 
character, and bearing a striking resemblance to the crystulsofjOl 



• Pbil. Trail*., 1860, pp. B5-9A 

I BritiBU Aawic. Re)iortB, 1863, pp. 37-*8. 

1 Am. Jmir. Art & Sci., vol, 18, 1854, pp. 239-337. 
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jopper obtained by fusion. None of the crystals were found to contnin 
1 lai-ger pi-oportiou of either metul than the remainder of thp molten 
liquid from wiiich they had sepaiated. Stoi-er concludes that all the 
UloyH of (topper and zinc crystftllize in the reftnlar system, and that they 
u^ not definite atomic componnds, but merely isoniorphous mixtures of 
the two metals. 

Calvert and Johnson* have also noticed the crystallization of the alloys 
>f copper and zinc, and state that it is probable that Cui Zn and'Ouj 
Sn are definite compounds, as they are perfectly crystallized, and liave 
llso a Hpt'ci:il heat-conducting power of their own. They state that the 
Host splendid of all the brass alloys is the alloy Cu Zn whieh is of a 
l>eautifid gold color, and erj-stallizes in piisms often .1 ccnlimetcis loTip. 

Slow wH)ling of an alloy is apt to favor the eeparalei crystallization of 
i»ne or more of it« comiKinenta, and thus render it brittle. Sontetimes 
in casting an alloy in large masses, there will be a partial sepnration of 
^e constituent*!, and crystals of diflerent comimsition will be found at 
the top anti lH>ttoni of the mass, those at the bottom nsually containing 
hi' lajger jwrcentage of the metal which has the greater specific gravity. 
This phenomenon has already been noted under the bead of liquation. 

OXIDATION AND ACTION OP ACIDS. 

But few experiments have been made to determine the rate of oxida- 
i<ni or corrosion of the alloys by atmospheric influences or by the action 
>l' acids. It is generally found that the action of the atmo8])here is less 
ju uUoys than on their comimnent metals. An instance of this is the 
kucient bronze statnes and coins, some of the latter of which have their 
iharaeters still legible, although they have been exposed to the effects 
tf air and moisture for upward of twenty centuries. 

The action of the atmosphere on an alloy heated to a liijrh tempera- 
are is Kometiniea (piite energetic, as is shown iu the alluy of tliii'i' parts 
eu<l and one of tin, which, when heated to redness, burns luiskly lo a 
'6(1 oxide. When two metals, as copper and tin, are ciiuiliiucd, which 
ixi<lize at different temperatures, they may be separated by continued 
bsiou with exposure to the air. Cupellation of the precious metals is 
k like phenomenon. 

Miishetf found that unrefined copper resisted the action of muriatic 
bCid better than pure copper. This he thought was due to the presence 
if tm ill the unrefined copper, as he found that an alloy of copper con- 
aiiiiug about 3 per cent, of tin resisted the action of acid to still greater 
xteiit. The latter he recommends for the purjiose of ship -sheathing. 

< 'alvert and JohnsonJ have made several experiments to determine 
hi- action of nitric, hydrochloric, and sulphuric acids upon alloys of cop- 
ici- and zinc and copper and tin. Someof the results they obtained were 
iitii'ely nnexjiected. Nitric acid of 1,14 specific gravity was foiind to 
Lissnlve the two metals in an alloy of zinc and copper in the exact pro- 
tortiou in which fbey exist iii the alloy employed, while an acid of l.<18 
,pe<.'iiic gravity dissolved nearly the whole of the zinc and only a small 
[nanlitj of the copper. Hydrochloric acid of 1.05 specific gravity was 
i>un<l to be completely inactive on all alloys of cupper and zuic contain- 
ng an excess of copper, and especially on the alloy coutaining equiva- 
ent proprjrtions of eai:h metal. Zinc was found to have au extraordinary 
jreventive influence on the action of strong sidphuric acid on copper. 

• Phil, Tjaus., IKS, p. ;)67. 

♦ Phil. MaK-i vol. 6, ISM. pp. 4J4-447, 

t Phil. Hag,, vol. HI, 1855, |ip. 250, 251 ; iilao, Jour. CUein. Soc, vol. 19, 1866, pp. 
%H-ibi. 
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The alloys of copper ami tin were all foand to re«i8t the action of nitrie 
w.id more tliaii pure copper, but the preventive iufluenr* of tin pn-Bena 
the iH^ciiliarity that the action of the acid increases as thfr [)n>|>oni«n of 
tin incrtiaMBs; ttias the alloy On Sn^ is attacked tea times mtiri'lliw 
the alloy Uu an. Tlie alloys 9n C112 and Sn Ouj were attacked by ^lUong 
sidpliurio acid with more violence than any other of the broiiBM*. 

Three alloys, viz, Ciin, Zn Sn, Cui, Zu 8n, and Cii^ Zn^ wer* 
to be only slightly attiwiked by stront; nitric or hydroehlori*; wiA», uv 
not at idl by sulphnric aeid. Tbe resistimce to the action of nitrite arii 
is remarkable, as its action on each of the component nietalH is ver 
violejit. 

A. Bauer" has retiently published in the Berichte der deutsrhat chM 
iechen Gt-tclljtcha/t the result of some experiments on the action of ti( 
Biilphurie a<iid on sevei'al alloys of leatJ. These exiwriments show On 
the iulilitioii of a little autiiiiouy or copper renders the alloy more aU 
to resist sulphuric acid, while bismuth has a decide<lly iujiirioiia eflta 

HARDNESS AND OTHEB MECHANICAL PaOPEBTIES. 

The mechanical properties of the alloys, snch as hardness, nutlta 
bility, ductility, rcsistanoe to strains of tension, compression, and On 
siou, elastioity, resilience, &c,, are of the ntmost imjwrtance to the o 
neer, but, at the same time, it is most diflicult to liiid reliable intbv 
tioD regarding Ihem. But few experimenters of authority have invei 
gat^il the subject, and their researches, although vahuible a^t far as tfe 
go, are too limited in extent to allow of a complete clastut fiction a 
i-fn(ip!iris()ii. A lew iilloys which are of special service in the arW ba 
liM'ii wi-ll stiidicil by tiiiiMc who have had occasion to nse them, witi 
viL^w til li-:ui] tlicir iiK-rlinnical properties, not as a niatt^^r qf scientil 
intere.st, but as an actual netiessity. This has b«?n tlie e4ise especii " 
with the varums gun-metals, upon which many exi»eriiuent« have b 
made under authority of the dilferent governments, so that among! 
the alloys our knowledge of the gun-metals is the most extensive a^ 
accurate. In like manner the properties of Journal and nnti-fri '" 
metals have been iuvestigat«d by those who are concerned iu theirs 
facture and use. 

W/th these, and a few other exceptions, however, our information a 
the mechanical properties of the alloys is very meager. It will l»tr 
endeavor of the (.iommittee, as far as possible, to supply this matuA 
want by a, serieH of exjierimonts on a large number of alloys, teirtii 
them for all the meohanieal properties above named. 

Till' hiirduess of some of the alloys has lieen investigated by Calvi 
and .liiiiiiHon.t They used an apparatus for determining tbe hardna 
wliifh uiiusists, chiefly, of a conical steel point of a certain size, whiob 
pushed iuto the material whose hanlneas is to be determined a gin 
distance by means of weights applied at the end of a lever. The wl 
live hardness is shown by the weight reijuired for the different maleriall 

A somewhat similar apparatus was used by Major Wade^ in di ' 
mining the hardness of gun-metal, but lie used a diamond-shai>ed p 
ta\A a fixed weight, determining the relative hardness by tbe di)«taaa 
which the poiut was pushed into the metaL General ITcbatiu»i,^ in ev 
periments for the Austrian Goverumeut, used an indenting tool, whidfc 
was forced into the metal to be tested by a weight of 4.4 pounds faUiBl 



' Si-icntifli: Ami-ricaii, vol. S3, 1875, 11. 135. 

tPhil. Maff., vol. 17, 1859, pii. 114-1'Jl. 

1 ItniHirt ot Exp<'riui(-iir« on Mttals for CaiiDou, PhUn., 1856. 

j Orduaiice Nutcs No. XL, Wasliingtcu, D, C, 1^75. 



TESTS OF METALS. 



509 



tongli a height of QJ inches. The shorter the cut made by the iadent- 
I tool, the greater waa the hanlnesa. 

feUet,* in 1842, iu his exiwriiiients on the alloys of copper and tiu 
I copper and zine. determined their tenHtle strength, and alm> the order 
weir ductilitj', malleability, and hardness. In his work on the <-'o!i- 
Ictiou of Artillery ,t published in lUTiG, the same author disciisHej* the 
8i*5al and lEiocliiiiiiriil |»ro|>ertiejii of giin-metal, showing the effects of 
1 i>f nqiiii idiiiiiitr, and the deteriorating efi'ect of small pi-o- 
KionH 111* n liiiril ni.'iiil, such aa iron, zinc, lead, or antimony. 
) regard tn tlii' i'MimiI at' luir knowledge npon these siibjects, he re- 
■kS: "(Tun-iiiftiil, pn)h!ihly till- v<'iy ciLrlicst iisvil iiuitrrijil for can- 
I, is Ihat which has n^i-i-ivi'd llir Ii^msI inipnix cini'iit .ir sywteinatiza- 
1 of our knowledge h« to ii-- iisi-, ii|. tn tliv inisi'iir linn*; the arch- 
logist tiiuls the nide wfin»iiif! nt f^i-iiniliiiiivLiiii, t'clii.', Egyptian, 
kek, and Koman wai-fare fonned of nearly the same alloys of oopper 
I tiu, and in about the same proportions as the cannon of to-day." 

^:unmtanees of chief diflienlty and importance in the mauipu- 
ion of gnn-mettil, a« afl'ecting the production of cannon, are : 
tot. The chemical constitution of the alloy, as inilueucing the balance 
" 3 hardness, rigidity, or ductibty, and tenacity. 
., Its chemical coiisdtution, and what other conditions, influence the 
■cgiition r>f the cooling niiiss of the gnn when cast into two or more 
"Lll'.'n'iil ;iinl iifr.'ii \:iri(Lliic composition. 
>'tli*ris.ifr;i|ijii iiii.i 111' .-ill iw ctmling, and of the temperature at 



1 



I pol 



I'd. 



I'llfits line to rciteated fusions, and to foreign constituents, 
iri)i"niiiins euteriug into the alloy. 

iiiistiLTHL's of manipulation, as above named, have already 
I 111 have a vawt influence upou nearly all the properties of 
I aljfiys, and theu' study is of the greatest impiirtance, not only in 
Irentte to gun-metals, but to all alloys which may be used as mati.'rialB 
(iDnstructiDn. 
p coniieeCiou with the subject of gun-metal, the experiments lately 
Je by General Uchatius| for the Austrian Government are of interest, 
■found that the tena^uty, elasticity, aud hardness of bronze were in- 
d to an exti'aordinary degree by dri\'ing a series of conical steel 
x\a or i)lugs, gradually iueruatiiug in sim, into the bore of the •^un. 
B metal in the interior of the gun was thus stretched or straincii iiiin h 
wnd its elastic limit, and was thereby given a new moleculai' rmiili 
J, which enables it better Ut resist both the exjiansive force of llir es- 
pdrd [.inviiiT. :Llld Ihi- llliril.lill^' clV.rts iit Hic slii.t. 

■cMiIrs i>\ ilii- i-\pi'iiiiiiiiis of (li-iLin-;il l'i'li;iiirin have been com- 

ti-il lo tlic nnliciii.v l>iiijiiiii.-iit Ml the Tiiited States by Cob 

§1\ W. Kiiiilley, r. S. A., win. iiiills altnilii.Ti to the fact that esperi- 

ffts were niiule upon bronze, with a view to improve its quidity for 

. I, by Mr. 8. B. Dean, of Boston, in 18G8-'69, at which time he used 

EidentiGal mode of improving the bronze adopted by General Uclia- 

some four years later. Patents for the improvement were secured 

[ay, 1809, not only in this country, but also in England, France, and 

Btria. The want of funds rendered it necessary for Mr. Dean's ex- 

Clients to be discontinued. 

!hof5 describes ou appamtns for detennining the qualities of the 

•I'hiL Mug., vol. xl, IMa, im. (»-««. 

fMallet,CuuHtrnct.iim ofArtlllcrv, London, 1856, pp. 80-101. 
KtrdiiBuieNuteBNo. XL, WodUinfitoii, D. C, 1S75. 
^British Awwi;. Ki'LJurtii, 1^0, pp. :j0'J, ^10. 
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malleable metals and alloys, vrhicli ie based ni>on tliB prinHple that 
"superiwr igualitics of nialleablf metals and alln.vH are chanwrterizwl hj 
tbeir being able j»ennanently to estf nd in all directions by rolling of 
hamnieriiig without rupture, wbile inferior qualities break before ren-fc 
ing the maximum of extension which the fonuer can endure." Uia ap- 
pai-atns is usetl to bend the metal or alloy to be touted, «-hieh is itf i 
certain size and shape, in contrary directions thi-ongh a certain an^ 
The oftener the piec« can be so bent without breaking the better is it 
qnality. 
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moirs of tlie American Academy, vol. 5, 1855, pp. 337-371. 

— On an apparent Pertrirbation of tbe Law of delinite I'rojKirtioiis 
iserved in the Componnda of Zinc and Antimony. Am. Jour. Art 
111 Sci., VOL 20, 1855, pp. 222-238. 

— Crystalline Fomi not neeesaarilyan Indication of defluitcCli<^mi- 
il Composition; or, on the possible Variation of Constitution in aMiu- 
■al Bpecii'S indf]Hiideut of Isonicrituu. Am. Jour. jVrt and 8ci., vol. 
L ItMHI, pp. 194-2(M. Phil. Mag., vol. 19, 18W), pp. 405-llB. Erd- 

u's Journal, vol. 80, 1860, pp. 411-418. 
^ ContninH some dediiPtiuDH Iruin tlie oliHervatLoim made on the or.vHtAlllEatloii 
of the alloys nf r.inc aixl auliiuonf. 

EWIT, Ueber eheaiUche MetaUrerbirulungen. On chemical corn- 
nations of metals. Enlmann's Journal, vol. 45, 1848, pp. 87-93. Lie- 
g's Annalen, vol. IS, 1848, pp. 289-293. 

CoDtaluB the specific aravitica of a number uf itlliiys, nntiag the dlfforenuu of 
spooiflc gravity in the top and bottom of u b.ir oast vertically. 
RCET. Xote aur Fe»sai dea alliagea de platine ct d'argent, et sur Vappli- 
itioH que Ponpeut/aire de ceprocMi h Vexploitation dea mines d'argmt 
titenant du platine. Note on the te.sts of alloys of platinum and Hilver 
id oil the application which might be nia«le of this procoso tii the 
orking of mines of silver ores containing platinum. By M. D'Arcet. 
nn. de CMm., 1814, vol. 89, pp. 135-149. 

— Observations on a note by Stanislas Julien, " PtopMS de» Chinoi* 
mrfabriquer Us Tarn Tarns et lea Cgmialeii." Process of the Ciiinese 
r the mannlactiire of tamtams ami cymbals. Ann-de Gkim.,vo],5i, 
«3, pp. .331-.'J35. 

— Sur ValteratioH tjti'iprouveat de la part dea aubstancea ouUnairea 
I allioffea do citiure, de zinc et de nickel, oatutua aoua lea noma de J\faill^- 
lort, JWeteAior, Argentan. On the alterations produced in culinary sub- 
aneeH by the alloys of cop[ier, ziuc, and nickel, known under the 
imen of Maillechort, Melchior, Argentan. Jour de Pharm., vol. 23, 
437, pp. 223-227. 

tBAT. J>es Alliagea ^Aluminium. Alloys of Aluminuni. By M, H. 

ebray. Comptea Rendm, vol. 43, 1850, pp. 92.J-927. Dingler'a Jour- 

ll, vol. 143, 1857, p. 42. 

LA llVE, On a (Crystallized Alloy of Zinc, Leatl, and Copper. By 

''arren de la Hue. Phil. Mag., vol. 27, 1845, pp. 370-372. ErdmannN 

himal, vol. 37, 184t), pp. 120-127. 

^f The nlluy wsa iilitainud from Iho worn-out amalgamaletl »iua plfttea used Irn 

H the voltaic batt«ry. 

ItroLz and dk Fomtenay. Daratellun^ einer Metalllegirung, iceUihe 

Wt/iir alte Zirecke benvtzt tcerden kann, tuozu gewohnlich Silber ange- 

mdet icird. Description of an alloy which can be used for all pur- 

»w>8 for which silver is generally used. Dingler's Journal, vol. 134, 

W, pp. 210, 210. 

- On phosphoric bronze. Comptea Bendus, vol. 73, 1871, iin. 
V1470. 

L H. i!« Rook and A. de Foiiteiin; )>rp8entffll n oommimicatiou to the 

Fieuch Acaili-my of Scieiin-s, in which, aftor n-forring to a p»i>cr hy Ijevi 
■od KUumI («•■• l.ovi ;ii!.l K. . E^-riif<, die. ), tUsy ol»im that th*y nwd tbo 
identiaal proct'nw-« ii.-ci jii.ii i.y iin -.■ mithors ui ex|icrii»truta iiindHfur tko 
f-wnoUGoveniMK'nr tinni l-:.l in !-r,;i. Imi that th'*y bad keiit thfin boothi 
mi to this timi' (l''Ij Tli'> ^ laiiji ibut they wen- the firrt tv nw* phoK- 
paoriiB in broiizi' l<>i ^iirilli-n. iiui) iiUo inatigancae for the iuhiib porpow, 
wliether aloue or asHociati'd n illi ullier nietulu. 
fH. El. »8 33 
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Devillk. Method d'analyne des hronzet et da iaitofu. Melbodof 

alynis of broimc and brass, By Uenri St, Claii-o Dexille. Ak%. b 

Cftim., vol. 43, 1855, pp. 473-^77. 
itecherphcg itvr le* mitaitx, et en parftcvlier »ur raluminiun tt M 

iine mtuvelle forme de nilioiiim. Rvsearvhes on the uictals, and in jur- 

ticular on alnminnni and on a new form of ailicou. Ann de CMm^ wL 

43, 1835, pp. 5-38. 
I)e rAluminium, ten Froprivt^*, »a Fabrication et se» Applieatieu. 

Concerning aliiniiimni, ita proiwrties, manufacture, and appltcatloiu. 

1 vol., Paris, 185W. 
Dick. Improvonient in allovs of copper for bearings. By C. J. A. ffici 

United States pahsnt, April 9, 1872, So. 125549. 
CkitiiB the ailditinii o{ a limitn 
uptnU, ti) pUoHphoriiMl nXlayn 
valuable tor juuniul benriugi. 

DiNOLER. Dingler's PolifttchnUches Journal contains several ^orti 
cles on alloys, among wliioli arc : Vol. 27, \t. :i73, anil vol. 28, p. 
1828. Different alloys: Vol. 12,3, 1852, pp. 207-277. Pn^jMUirtiiWi 
Britannia metal: Vol. 134, 1*54, pp. 313, 314. White jounml n " 
used on Hanoverian railways : Vol. 139, 185(1, p. 464. Allo.'st* for pi 
rings of locomotives: Vol. 211, 1874, p. 322. Pliosjihor-bron)*. 

DUNLEViE. Lagcrmetall. MetaJ for journal bearings. Dingltu^J 

nal, vol. 177, 18tf5,pp. 32(f, 327. London Jonmal of j\jt», ISCS,?- 

Alloy containing tin, liuc, copper, »n(l »nliuioiij, heat« very liltl* IiJ M 

DcssAt'siBoy. R^jiuUat den trpftienceii falte« par ordre de Stm 
le Marenehal I>uc de Feltre, minvtire de la Ouerre, mir l«g alliaga 
eiiivre, d'^tain, de zinc et- de fer, eowsiVffVfn soim le rapport de la fain 
tion den ItouckeH A fen, et avtrea ohjet» neinblahlei. Rfsnlt of fxpt'rimffl 
made, &c., ou the alloys of copi>er, tin, zinc, and ii-on, i-on-iiihrvil »f 
reference to the manofactiu^ of cannon and other liki' nhj.it*. I 
M.I>usHau88oy. Ann. de CAim.,voI.5, 1817, pp. 113-121; l'l'5-2:«. 

ECLECi'ic. Van Nostrand's Eclectic Engineering Magazine. l(>69i 
172. Alloys fusible at 8i>eeilled teaiperatures. 1873, vol. 8, p. K 
White metal for machinery. 

'For cmnk ntiil cnniioctlug md tx'srin^, 90 tJu, 8 nutiniony, i coppot. I 
pivotfl, sliilu vnlvcx, &c., IS.b tin, 11.5 autimouy, 10 ci>p{i<^. Kor Ml 
-ilvua(8wi»H), 80 till, 11) sutimon;, 10 copper. 

Engineeb. Phospliorized Bronze and other Alloys as a Matdiall 

Artillery. Engineer, London, vol. 33, 1S72, pp. 127, 12S, 145, 146, H 

IHl. 

A valuable »rlic!ii, giving rcsiiltA of exiierinients. 
Faraday. Lettrc au Prof. De la Eire aur le» alliiigct que forme M 

avec dijferenta mStaux. Letter to lYof, De la Kive on the alloj-s rtl' 

steel forms with different nietal.s. BiblwtMqne UnirerwUe^vdl'^ 

lS-^0. jip. 209-215. (See Stodart and Faraday.) 
Franki,i\ Inrtiti'te. Journal of Ihe Franklin Institnte, vol.67,lfii 

p]t. 293-29G. De.teribes tbr IViin Manyraiicse made by the !« 

Noire Cooipanv of I'Vani-e. ;uiil.iisril in tlie lie.ssemcr process. Vdl 

1.S74, pp. Kill, IGl. Uses..rjiiii.s|.)iar.|,r,mi;e. 
Forbes. On the Oheniieal Kxamiiiutioii of Homc Alloys of Coppw*' 

SJiuc. By Da^-id Forbes, F. O. S., &c. Oheiuical Gazette. 1851*1 

393. British Assoc. Reports, 2, 1854, p. 67. 

Deseriliiw a aepiirattou of compouniis in orilinnr;\- 1im«i.innkinc. nro »l| 
bein^ foitixl, one of a doep yuUow tolur a.wl malleablt:, aiij Uiii mbt*^ 
brilliaat Mill ite.tuid lint tl^ 
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FEEsrr. Kote atir le chrome crisUtUize et sur lea alliaget iTaluminium, 

Not« ou crystallized ebrouiiuiu and on aluminum alloys. Comjtttt 

Rendm, vol. 44, 1857, p. G32. 
Grdgb. Improve I nents in tlie m»Diifactiire of metallic componnds. 

British patent, 1853, Nov. 12, No. 2026. 
Alloys of copper, zinc, and iron for sliipbuilding. Dingler's 

■Journal, vol. 158, 1863, p. 273. 
Qkntu. Analysis of Chinese Alloys. By F. A. GentU. Jour, Frank. 

Inst., vol. 30, 1858, p. 201. Phil. Mag., vol. 16, 185S, pp. 420-436. 

Sotiiu Chineao cuius were found to coutaiu ohiefly co|ip«r and zinc, with smull 
tiavca of other metals. As many as cifjlit mt^tnls were foiuid iu oue alltiy. 

Kebshei«. Erfindung einer Metallcompoaition, die sioh durch Stouten 
und Driicken so treiek und pl<KtiJich machen laesat, daaz sie mit den Fin- 
f/rrn in jrdr hrUrliif/e Form gedr'iiekt werden kann. I>iscovery of a me- 
tiiliir ((iiiiiii.iiinl which can be made so soft, and pliistio by pounding 
uml iiossiiii: liiiit it call be worked into any form by the fingers. 
I)iiit;!.>i's ./ouninl, vol. 147, 1*18, pp. 463, 483. 

Gebsdorfp. Ueber da» Packfonjf. On Packfong. By U. V. Gers- 

. dorff. I'oKg. Annalen, vol. 8, 1820, pp. 103-100. 

B-RA.HAM. The Brassfoitiider's Manual. By Walter Graham. 1 voL, 
lx>ndon, 1870. 

IiiHtniuHons for modeling, pOitterLi-makin);, uioldla);, olloyiug, taming, fllit)^, 
bruuEuig, dee. 

f ; itAHAM. On the Melting Points of Easily Fusible Alloys, Poly- 

Uchnisckea Centmlblatt, 1874, p. B23. 
tii'KTTiER. Ouide pratique ata alliagea m^taUiquea. Practical Guide 
nt' the Metallic Alloys. By A. Guettier, director of founderies, &c. 1 
vol., I'aris, 1865. The same, translatetl into Engli.'^h. By A. A. Fes- 
quet. 1 vol., Phila., 1871. 

A vnliiable and uoncisc trcati«a nu tlii? allnys, deacrrhing their properties, and 
giving directidUH for thuir uianofncture. 

Praktiache UntersiicJiungeii iiber techniache Metalltegirungen. Prac- 
tical researches on technical alloys. By A. Guettier, Dingler'a t7o«r- 
nal, vol. 114, 1849, pp. 128-135; 196-279. 

Eacuettb. Hiatoriache Xotiz iiber StahHegirungen und Dammzintng. 
lUstitrical note on steel alloys and Damascening. Dingler's Journal, 
vol. 5, 1821, pp. 435-438. 

t Iamilton and Parkkb. New Metal in Imitation of Gold, called Mosaic 
tlold. Jour. Fi-ank. Inst, voL 1, 1826, pp. 139, 140; vol, 2, p. 215. 
Dinglei^'s Journal, vol. 21, 1826, pp. 234, 235. 

I I.vswELL. Engineer's Pwket-Book, ByC. H. Haswell. 
Table iif composition of sevoml niwful ulloya. 

tlATCHETT. Experiments and Observations on the varions Alloys, on 
the H|»ecific Gravity, and on the comparative Wear of Gold; being the 
Substance of a Report mside to thi' Committee of the Privy Council 
a])pointed to take info Cousideratiou the State of the Coins itf the 
Kingdom, &e. By Charles Hatehott, F. it. 8. Phil. Trans., 1803, pp. 
4.i-104. 

■ lEKvfi. XoHveaH Manuel CompUie dea Alliagea MeialUquea. New com- 
plete manual of the metallic alloys. By A. Her\i'. 1 voL, Paris, lA'iO. 



Ikon Age. Mar.27, 187.'{, p. 1. Melting Points of Lead and Tin Alloys. 
Dec. 10, 1874. The deposition of alloys. 
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Jaooby. Improvement in metallic allov. By J. E. Jacoby. 
patent, October 7, 1873, No. 3246. Cheim<!iil News, vol. 3«, lSlt,y.'. 
Alioy* coutainiag from TO to T3 tier cent, of iMippi-r, 9 lu 11 |H^r u>d[. tin, IS 
'H) Iter et<nt. iooA, and from 0.05 to 1 pnr ocut. zinc for JannuU IxariOfa i ' 
like piinxx'cB. 

Jacori. Vorzugliche Legininp fUr Zapfenlafjer. Excellenf alloy 
jourDal boxes. By K. JacouL Diugler'e Journal, vol, 1G7. ISiS. 
4C3. 



Alio; of 5 parts copper, 85 tin , aud ID 

Jaiibebbebicht. Jahresbenchtveber die Lehtungen der chemiachtn '. 
nolotpc, von Etidolf Wagnur, Leipzig. 

Contftins sevt-ral ftrtieles on alloyH, Pliosjilior-lironn' is disciisgeil In tbc 
liors fur I>r;o, IttTl. ICTa, mid 1«3. 

JoHSSON. Alloy of Wrought and Cast Iron to Keplace SteeL 

Me<;hiiiiic8' Journ.il, 2d senes, vol. 5, p. 207. 
Joi'LE, On some Anialgama By J. 1'. Jonle, F. R. S,, BritML 

tion EeiKirts, 2, 1850, p. 55. Jour. Chom. Soc., 1, 18ti3, pp. 378-38T. 

DeHRriliea ouialg^ma of iron, copper, ailvnr, platinum, sine, lead, and tin. 

JULIEN. Procedi dot Chinois povr fabriqvert Im Tarn Tanu et UtC_ 

bales. Process of the Otiineae for muking tam-tams and cymbals. 

Stanislas Julien. Ann. de Chim., vol. 54, 1833, pp. 3:i!>-331. 
Kaesten. JJnternitehungen der Englimchm MetaUurgcn vher rfw fort 

serung des Stahh durch l^girmig mit andercn Metallen, lieseardi* 



the Engliali metallurgists on tlie imi>rovBmf.nt of steel when allaM 
with other metals. BvC. J. E. Karnteii. Kar»tm Arckiv./.Berft 
vol. 0,1825; pp. 32S-303. 



tVdo' HittalUegirungen, beamiders uber die Legirvng out Ku 
and Zink. On alloys, esiieeially those of cop])er and zinc. XHnp 
Journni, vol. 72, 1839, pp. 128-132. Pogg. Atiimlen, voL 4(S, 183^1 
lC0-Ui5. 

Udier Kupfer-Zitm-Legirungen und deren Vcrhalten beim OiB 

On alloys of eopi)er and tin, and their behavior when heated. Schni 
ger Jourii., vol. fifi, 1832, pp. 255-286, 380-401. Joux'. Frank. I» 
vol. 20, 1850, pp. 340-343. 

Kebl. Repertorium der tecknisck^i lAteratur. A list of sciontifla 
published between the years 1854 and 1868. 

It ronnil itllilof| 
linnilri-ii papi'tB by ' 

Knbiss. Legintitg fiir Mngehinmlager. Alloy for niachiue-tx 
Diiigler's Journal, vol. 158, 18(H); p. 236. 

Alloy of 3 parts coppor, 40 zinc, 42 lead, 15 tin. 
Knight. Knight's American Mechanical Dictionary. 

Artiols oil nlloyB. Gt'DPral duscriptioa, very fiiU oiid correct. 

KoPP. UnpMche Misohimg ron MetatUegimngcn in gcuchmoham^ 
tande. Unequal mixture of allovs in the molten state. By HerT" 
Kopp. LieUift's Annalcn, vol. 40, 1841, pp. 184-18fl, 

l>iehtiiikeit (les Vndmiiim Amalgams. Density of ciidniiiun « 

gams. I,ie'l.i{,''s Annitlen, vol. 40, IK41, p. 186. _ 

Expiinsioii of some Solid Bodies by Heat. Phil. M»g.,™'"J 

1852, pp. 26.H-270. Liebig's Annalen, voL 81, 1852, ; " "" 
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Copper and Ziuc Alloy. 
11, p. 91. 
Alloy of 60 parW cop)>i>r, 3d.l5 ; 



By M. E, Kopp. Chemical News, vol. 
itic, 1.50 iron, remarkable for ita malleubilitf . 

(See Levi and Kilnzel.) 

Xote gur la penanteur npicifique des aUUigei et leitr point de 
Note on tUe 8peeilic gravities of tliB aUovs and their points 
Ann. de Chira., vol. 40, 1.S29, pp. 28j-;J03. Quart. Jour. 
TOl. 2, 1829, pp. 185, 186. 



». Ueber die Broitsen vnd andere Legirungm. On bronzes and 
r alloys. Dingler's Journal, vol. 133, 1855, pp. 20S-370. 
A liat of a immbcr of uUuys, chirHy of coiiper, tin, li-ad, and antiiiiony, witli 
a desoiiptioii of their prujiertiea and usiih. 

K. The Brass and Iron Founders' Guide. By James Larkin. 1 
PhUa., 1874. 

A concise trofttisu on brass fcmmllng nail moliiing ; Ihe nu'laln iiiul their 
ftUoys, &e. 

Ql£B. Analyse de quelquea alliagea ih binmitth. Aualvsis of some 
toys of bisoiutli. Ann. de Chiin., vol. 30, 1827, pp. 332-334. Dine- 
r's J&urnal, vol. 27, 1828, p. 240. 

I and KiJNZEL. Essais sur Vemploi de dieers alliage», et iipicialement 
i bronze pho»phoreux, pour la coulee de» boucken A feu. Experiments 
1 the nse of varions alloys, and especially of phosjihorie bronze, for 
le casting of cannon. By MM. Montefioi-e Le\i and C. M. KUnzel. 
arnptex Rendua, vol. 73, 1871, pp. 530-53-1. 

— The same, trauttlatinl into English by John D. Brandt, chief clerk 
ni-oau of Ortluauce, Na\-j' Department, United States, 1 vol., Wash- 
igtou, Grovermnent Printing Office, 1872. 

CuntAiiis complete tnbleit of a valuable Beriea of esperiinwil* on niDlnls for 
c'ttTinon. Itronxea uontiiiniug mangiiueso, nickel, iron, zinc, and plioapliorus 
were uxpcrinieiited upon. 

Bronze Alloy. United States patents grtuiteil to G. M. Levi and 
I KUuzel, May 23, 1871, Xo. ll,T_'20, ;ui.l Nov. 14, 1871, No. 120984. 
On Pliusphoric Bronzi.^ ami its l'[iini|i;il Industrial Uses. By 
p. Mouttiflm-e Levi. Atiht. (.'lii'iiiLst, vol. 5, 1874, pp. 178-180. 
tier's Journal, vol. 211, 1874, p. 322. 

„ Mmioires sur le donage de rareenicdam lea m^tauxunuela et dang 
alliages. Memoirs on the amoiiut of arsenic in the usual metals 
their ajloys. Ann. de Chim., vol Ifl, 1848, pp. 493--504. 
• Sote sur une TMuvelle cause tPMt6rog6n&t£ des alliagea d'argent et 
itivre pniduit par abaorption d!oxigine. Note on a new cause of 
rogeneity of the alloys of silver and copper, produced by the 
rptiou of oxygen. Revue 8c entijique, vol. 1(1, 1846, pp. 211-213. 
- — Metnoire aur lea alliagea m4ialliquea conaidiria aoua le rapport de 
t*" oompoaition ehimique. Memoir on the alloys considered with ref- 
B&ce to their cbemictU composition. Ann. de Chim., vol. 30, 1852, 
'. 193-224; vol. 39, 1853, pp. 103-184. Journ. ds Pkarm., vol. 17, 
50, pp. 111-114. Erdmanu's Journal, vol. CO, 1853, pp. 449-^0. 

— De Vinjluenve du biamutk aur la duotilite'de ouivre. On the infln- 
c«of birjitiuth on the ductility of copiter. Paris, Bull, de la, Soc. 
towr., vol. 4, 1853, pp. 740-748. 
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Levol. Legh-wng ron Gold und Silbcr. Kupfer; Silber mit; Bid. XSofl 
of gold and silver, gold and cop]ter, silver and lead. Dingler'sJunnwi, 
vol 136, 1855, pp. 453-454. Ann. de Ckim., vol. 39, p. KB. 

Legirung von SUber mil Kupfer. Alloys of silver and copj 

Dingler's JournaLvol. 130, 1853, pp. 128-129. 

LrPOWiTZ. Ueber Wood's leicktfliisifigen Metall. On Wood'e ea^j'-fnidbl 
metal. Dhigler'a Journal, vol. 158, 1860, pp. 376, 377. 

Descrilma sweral fnaililo ulluyB which melt kit poLuts belwevn Bil" And 9^C. 

Mallkt. Chemical and Physical Proi>ertie8 of the Atomic Alloys gl 

(Jopiwr and Zinc, and Copper and "IHn. Bv Roliert Mallet, F, R. S 

Phi). Mag., vol. 21, 1842, pp. 06-68. l>ingler'8 Jownal, vol. 85, V" 

p. a78. 

TttbU-s givmg the chcinical eimipositiuii, specWo gruvily, color, !V»Plnrr, 
aion, and nnlor uf ductilit}-, maUeabilit;-, hanlDnw, luiil fuHibility ot ih 
olluyH uf copper aiid r.inv and copper auA tin. 

On a Metallic AUo;r in au Unoaual State of Aggregation. Phil 

Mag., vol. 23, 1848, p. 141. 

A now alloy wna funned by portiuni nf abraded brata in a jonmal-ttnatuf kl 
iu]; forced into I'loBO iHintact. It wan of identical eomniiaiti on wilb thtORI 
iaal broHH, butwasblui^k in color, tiDdluuloQly oiie-llrl«eDt)iof iustnagi 

On tlie I'hysical Conditions involved iu the ConstructioD II 

Artillerj'. 1 vol., London, 1850. 

L'ontains a diHcuaaion of the proiiertiL>s of bronze m a material for a 
with the elfecis of i-ajiid luid of alow I'oolliig, iLiid the efiocu dac ion 
fhaion and to the presence of impuiitiDa in minute proi>orticituL 
MATTUiKasKN. On theSpwificGrftvitiesof Alloys. By A.M«ttli!«t 
F. R. S. Pliil. Traua,, I860, pp. 177-184. Pnni. Koy. Soc., vol tf^ 
1850-'6O, pp. 12, 13. Fogg. Annalm, vol. 110, 1S60, pp. 21-37. 

An extensive research npoii I he spec iliu gravities of 19 ditl'ereut scries of ill 

On an ^Vlloy which may be need as a Standard of Elec 

Resistance. Phil. Mag., vol. 21, 1861, pp. 107-115. 

Becommendiiig the nlloy of 2 parts gold and I part Hilver as a atandw 
electrical resistance. 

Not* on Professor Bolley's communication *'On some Pbyi 

Properties of the Alloys of Tin and Lead." Jour. Chem. Site., vilS 
1862, pp. 105-107. 

Criticism ofProfoswr Bolley's metliod of liiiding the caloulatod gpecifit^ 

On the Electric Condncting Power of Alloye. Phil.TraD8.,lW 

pp. 161-176. Proc. liny. Soc, vol. 10, ISfl'J-'OO, pp. 205-206. Vtl 
Aniialen, vol. 110, 1860, pp. 190-221. 

A \'iiluable reaenrch on the electric cuuductiug power of IS different nri* 

Ke]>ort on the Chemical Nature of Alloys. British Aftsoa I 

ports, 1, 1803, pp. 37-48. 

Complete olaasiflcatiim of lUe allojii accoriiing to their ebetnioal oaUH 
deduced chiefly from eKiierinienta npou their conductivity, 

On the Variation of the Electrical Resistance of Alloys due J*^— 

change of Temperature^ British Assoc. Reports, 2, 1863, pp. IS*-!* 

Electrician, vol. 4, 1863, pp. 285, 280, 296. 
On the Electrical Pennaneuce of Metals and AUoj-s. BriW 

Assoc. Reports, 186:J, 2, pp. 127-130. Electrician, vol. i, ISKJ, t? 

296, 397, vol. 5, p. 5. 
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Matthhssbn. On AUoya. Jour. Chem. Swi., vol. 5, 1867, pp. 201-220. 
B of allofs, and reosooB de- 



.\I ATTHIESSEN and Von Bose. On the Lead Zinc and Bismutli-Zinc 
Alloys. By A. Matthieaseii, F. R. S., and M. Von Bose. Proo. Roy. 
Soc., vol. 11, 1860-'62, pp. 430-433. Eixioiaun's Journal, vol. &i, 1861, 
pp. 323-326. 

Leml and ziiic d() not alloy in all pnipiirtionii. TIip riwullB dhow flint Irnd will 
d.iiwiilvi' only 1,6 per cent, of aiiio and x\»f only 1.3 |*r cut. leftU; tLot 
zinc will diHsoIvu only 2.4 puruoat. of biiuuulli aud buniutli l>om S.6 to 14.3 
Iier eent. wnc. 

On. some Gold-Tin Alloys. Proc. Rov. Soc, vol. 11, 1860-'62, pp. 

433-43(i. Erdmann'8 Journal, vol. 84, 18»1, pp. 31»-322. 

DrscriblnK Koine exp^rinmnta oii tlie cryHtallizatimi of some of the alloyii 6t 
Rolcl and tin. 

Matthiessen and Vogt. On the Influence of Temperature on the 
JSlectiiti Conducting Power of Alloys. By A. Klattluessen, F. R. S., 
and Carl Vogt. Phil. Trans., 1864, pp. l«7-200. 

A n'ni>aT(-h on the t'lertric condnoting jhiwit of a loi'ge number of alloye at 
difi'L'ivut teni|H:ratiirts. 

M ATTDiESSEN and IIoi-ZMAKN. On the Effect of the Presence of the 
MetiiLs and Metaltoida on tJie Ele<;tri<i Condnetinty of I'nre Copper. 
ISy A. Matthiessen, F. R. S., and M. Holzujann. Phil. Trans., 1860, 
pi». 8j->-92. Pogg. Annalen, vol. 110, 1860, pp. 222-234. 
.Mai'mbn6. Jfole siir let hronzen du Japan. Note on the bronzes of 
.lapan. By E. G. Mauinen^. Comptes Reiidm. vol. 80, 1875, pp. 1009, 
1010. Scientific American, Oct. 30, 1875, p. 281. 
lAiiCHEL. Ueher krystallUirte V^binditnifen von Aluminium mit Metallen. 
On crystallized compounds of aluminum with metals. Liebig's Anna- 
len, vol. 115, 1860, pp. 102-105. Erdmann's Journal, voL 82, 1801, pp. 
237, 238. PhiL Mag., vol. 20, 1860, p. 377. 

Di-acriliuH allnyH of aliiiiiinuiii with tmigi«t«n, midybdununi, niangatiewt, iron, 
ubkul, and tiliHiinm. 
iliLLER. On the Form of an Alloy of Bismuth. By Wm. Hallows 
Miller. Phil. Mag., voL 12, 1850, pp. 48, 49. 

Di'stribps crystftUization of au alloy of bisniutli containing nickel, copper, 
and ttnlpliur. 
JMoKlN. Surquelqueg hromet de la Ohine et du Japan A patine /onc^e. On 
some bronzes of China and Japan with dark patina. By M. H. Moriu, 
Ctimpten Rendm, vol. 78, 1874, pp. 811-814. 
ilUNTZ. Ship-sheathing metsd. British patents, 1832, Oct. 22, No. C325. 
1840, Oct. 16, No. 11410. 1853, May 8, No. 14117. 1858, Mar. 19, No. 
672. 1858, May 21, No. 1134. London Journal of Arts, May, 1847, 
p. 268. Dinglcr'8 Journal, vol. 104, 1847, p. 4C5. 
ilusHET, On the Alloys of Iron and Copper. By Darid Mushet. Phil. 
Mag., vol. 6, 1835, pp. 81-85. Dingler's Journal, vol. 56, 1835, p. 11. 



On the Immersion of Copi>er for Bolts and Ship-ShiGathing in 

Muriatic Acid as a Test of its Durability. Phil. Mag., vol 6, 1835, 
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Mi'SHET. Alloys ofTung8t<?u. Several i)atMnts for the sitmo. Stx Bril- 
islt piit«ut reports. Abridgment of Spooifiiiations relating t» Metals 
and Alloys. Iiomlon, 1861. 
MusPRATT. MnapratPs Chemistry, vol 1, pp. 533-553. Article on 
Oopjier Alloys. 

A vahinbl^ artiole. Ini'liuW b duwription of the nit'ttiud nrFaetiagbnuii 
f^iDH, sod tlie i<hnn)^ii uf ileuHJty, lianlneaa, &t:., of bruiixi* bj* [empeiin^ 

■ MusscuBNBBOBK. Musscbenbroelc is referred to by seveml writeisw 
having miule experiments ui>on alloys iii the first, part of the last wnt' 
ury. See Eucyciopiedia Britanuiva; article, Strength. Also, Knigiifl 
Am. Mech, Uicticmary. 
Nbtke. WeUsgtisa fUr Iiager. ^Vhite casting for jonniah*. Dinglurt 
Journal, vol. IfiS, 1803, p. 74. 

Allnj- of 8 pnrtA till, 3 parts antimony, I part eoiipL-r. UwhI 1>y 4iuti(!t»l SMb 
N'avigatiim Company of Lmidoii for wlinnl anil prupollur ithafts, Itn. 

OXLAND. Improvements in Maiiufa^'ture of Alloys contaiuing Tuugsta. 

British patent, 1S57, Iteceinber IS, No. 3114. 
De Pakadis. Has Ak-h-MetaH unti das Sterro-Metallf zicei new Mttdt 

legirungen. Aich-metal and sterro-metal, two new luetallEc nlliQl 

Diiigler's Journal, vol. 160, 1861, pp. 34-40. 

DosoHption of t1it<8e two ulliiyK aud tlinir iiiwlianli'al propcrtiiis. 
PARKE8. Several valnable alloys made by Mr. Parkea, described il 

Ure's Dictionary, vol. 1 ; article, Alloy. See, also, Bririsb Patent 

Abridgment of Siieciflc^tionB relating to Metnls and AUovs. Louda^ 

1801. Diiigler's Jowrad^ vol. llfi, 1850, pp. 78-80. Mechaniat' Mag* 

zine, vol. fll, p. ;M)9. 
Patkntb, U. S. General Index of Patent*, 1790 to 1873, U. 8. Patat 

Office. 

CoDtains list of 53 ]iat«nt« hnviug refereuco to alloyi 
Patents, G. B. Abridgments of the Specificationa relating to MaUll 

and Alloys. Printed by order of the British Commissioner of Putcul^ 

Loudon, 1861. 

re iliftn 100 pntpiil 

Peligot. Sur lex alliagen (Pargent el de zinc. (_)ii the alloys of mIt« 

and zinc. By Eugene Peligot. Camptss Beniii4», xol. 58, 1861, pf> 

045-0,11. 
Peecy. On some of the Alloys of Tuugateu. By John Percy, F.R 

S. British Assoc. Reports, 2, 1848, p. 57. 

Experinientn on tbu ounaiiinic use of tungstau iu alloyn. Tbe remlla 
unsBtiitfactory. 
On Copper coutaJaing Phosphorus, with Uet^iiU of Experimeidl 

on the. Corrosive Action of Sea Water on some varieties of Coyipt. 

British Assoc. Reports, 2, 1849, pp. 39, 40. 

Dasi-ribi^H an alloy coutainiiig copiHir 115,72, iron 2.41, phosplioras 2.II. Oi 
bt'ing exposed to ana wntei' for il munlbs there waa no low of wnigbl. 

Metallurgy. Vol: 1. Fuel; Fire Clays; Copper; Ztuc; 

etc. Loudon, 1861. 

Contains a valuable arcouut of btiuia and otlier alloys of copper. 
Metallurgy. Vol. 2. Iron and Steel. Loudon, 1864 ; pp. 141-IST* 

Coataiiu a, very full account of tliu allofa of icon witli other mstab. 
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Solution d'une prablAme nur la /union dot alliagm. Solution 
t a problem on the fusiou of tlie alloys. By C. C. Person. Comptea 
' ' , vol. 23, 1840, pp. 03ft-620. Pogg. Annalea, vol. -70, 1847, pp. 

JBriwpiito on somu iillnint of bUnHith. luad, and tin. ■ M. Person ponnliides 
lit it U po«Hible to OHnign in oilvanL-e the lioat uecnsaur)' to ftise tax nlluy, 
if tliat required to dtm aacli of ita uouiponi^ta is kiiowu. 

- Hiir la chalcur spedjique anomale de certains alliaget et sur leur* 
Tuffemeitt iipontan4 aprcsUisolidiJtcation. Oa the anomalous specific 

»t of certain alloys and their spontaneous reheating after solidiflca- 
Comptea Rendm, vol. 25, 1847, pp. 411 11 0. Laebig's Annalm, 
^L 64, 1847, pp. 179-185. 

a.iCHQDY. Oh some Physical Properties of the Alloys of Tin and 
■ By G. Pillicho<(y. Jour. Chera. 8oc, vol. 15, 18(J2, pp. 30-32. 
^lyteehnifiehea CentraUilaU, 1802, p. 88. 

Ueber die Pestigkeit der Phogphorbrome and Hber deren Anwen- 
in der Industrie. On the strength of phosphor-bronze, and on 
B applications in industry. By Alphons Polain. Dingler's Joamal, 
J75, vol. 217, pp. 482-194. Extract from the Revu^ Universelle, 1874, 
pi. 35, p. 5d5. 

it of expnriraonlB made in Bi-lpum, Franpi", and G^nnany on [ihosphor- 
zu aa a maluriol fur gnns, and statviueiit of its othur induslriiil n|ip1ioii- 

ELSBEBO. Ueber einigc kryatallisirteZinnhilttenproducte von SchJack- 
walde UH/I krystaUi^irte Legirungen im Allgemeinen. On some crystal- 
led products of tin fiirnaces und cn'stallized alloys in generaL Fogg, 

|«»«a(«t, vol. 120, 1863, pp. 54-65. " 

'MAULT. Sur le» chaleurs np4vijiqu6» des mrpn com,po»h bolides et 
jKtdes. On the specific heat of solid and liquid a>nii»ouud bodies. 
' M. Victor Itegnanlt. Ann. de Ckim., vol. 1, 1841, pp. 129-207. 
dmann's Journal, vol. 25, 1842, pp. 129-170. Comples Rendua, vol. 
^ 1841, pp. 56-83. 

An extcnxivB invMtigntlon on tbn specific heal of compound bodies, including 
the metallic alloys. 

EfA-ULT. Noupelle methode d^analyae quantitutive applicable aux differ- 
1 alliage». New method of qnantitative analysis, applicable to 
Hferent alloys. By M. B. ReuaiUt. Oomptea Sendua, vol. 60, 1865, p. 
"* Dingler's Journal, vol. 176, 1865, pp. 371-374. 

. Recherehea aur lea alliagea mStalliquea. Itesearohes on the me- 
lic alloys. By M. Alf. Richc. Gamptea Rendua, vol. 55, 1802, pp. 
V147. Dingler's Journal, vol 170, 1863, pp. 113-114. 

ExtMtiDienlfi oii the specific K^uvitica, &,c., of the alloys of tin and IbhI, lead 
Olid bismuth, antimony aud leail, bismuth and tin. 

• Reeherchea aur lea alliagea, Besearcbes on the alloys. Comptea 
' vol. 67, 1S08, pp. 1138-1140. 

^^iea of 1.^ alloyH of coujiuT aud tin was examiue<i with reference to their 
density, fnaibility, aud U(|uaIion. 

• Recherches aur lea allia{iea, Besearches on the alloys. Comptea 
' t, ToL 69, 1869, pp. 34.T-346. 

Discussion of tlie effect of reheating aud shock on the density of alloys of 
copper and tiu. 

- Kote »«r Ics bromes dea inatmmenta sonorea. Note on the bronzes 
t BOQoroas instruments. Comptea Kendua, vol. 09, 1869, pp, 985, 986. 

Mentions Ihe iueOoctnid attempts made in ITraoce to Jmitat« the cymbals Oriid 
' n-(aius of tlie Chinese. 
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BiCHK. Hfcherche* sur Itw allia^ea. Reaeamhes on the alloys. Ann. ii 
Chiw., vol. 30. 1873, pp. 351-419. I>mglei->8 Journal, 1874, voU 213, 
pp. lat-lS'J, 34^-353,514-523,540; voL 214, pp. 153-163, 243JW, 
305-312. 

An pxti-rinivf ami vshiabli:- rPWBroli npon Ihe alloys, eBpeciallj-tliiiwrfropiW 
uuil tin. with n>ganl lo tboir fnaibilitj', liiiiiation, and llif nuxlUlcMUiM 
which Ihey uinli'r(;o imdi^r the influence of t<Mnjierilig, anuvaliu);, "~ ' -■ 
, ehauicnl operations. 

RirHE iiud Champion, Fnbricotion den tamtamn et des tyjubala. Mana- 
fat'tiire of tam-taiua and cymbals. By MM. Alf. Kiclie and P. Cham- 
pion. Compter Rmdm, vol. 70, 1870, pp. 85-88, 

DescriliPB thu proceaa of nianufacttire employeil hy the Chinese osKFnbjr. 

Champion at Shaiigbai. 

Roberts, Tlie Molecular Aimngement of the Alloy of Silver and Cop[M( 
Employed for the British Silver Coinage. By W. C. lt«bert«, nheiniA 
to the luijit. Brit. Assoc. Bei)orts, 1871, p. 80. 

coins containeil more silver in tko center tlian ii 

o partB in 1,000. 

On the Liquation, Fusibility, and Densitv of Certain Alloys (( 

Silver and Copper. Proc. Boy. Soc., vol, 23, 1875, pp, 481-495. 

Containn an occouut of a valiiahio sot of experiiucuts on tlio tneltiug'pvUai 
a Heriea of alloys of Hilvt^^ ami copper, on their liqnatiou whcu nqodl)' i 
slowly cooled, and on their density when flnid. 

ElEFPEL, Memoire aur lea cwmWwflisoMK cMmiqucir du euirre. acne VHalu 
Memoir on the chemit^al combinations of cojiper with tin. O * 
Reiidua, vol, 37, 1853, pp. 450-463, Enlmanu'a Journal, vol, 60, 
pp. 370-374. 

BuDBEBG. U^er ei-ne allgetneine Eigentieha/f. der Metalllcgirungen, 
a general property of the metallic alloys. I'ogg. Annaleiiy voL 18, 
1830, pp. 240-249. 

i'eber die Wiirmemengen in Metallgemischen. On the qiiantitia 

of heat iu metallic compoiintlti. Pogg. Amialcn, vol. 71, 1S17, |f 
460-403. Liebig'fl Antiaimi. v<il, U, 1847, pp. 1S3, 184. 

Sbmrad and Stebbenz. Apittications of Pbosphor-Bronze. ByO 
Seiunul and J. Sterbenz. J)eiit»che Industriezeit., 1874, p. 323. W«( 
net's Jahrenberichi. 1874, pp. 149, 150. 

BCHiniABTH. Schuoarth's Repertoriuvi der ttxhnischen Literatur. i 
Ust of sdenlilic papers pnbUshed iK'tween the years 1823 and ISS 
Contains, uiiiKt the head of MKlnUlajiruntieH, a list of more tiuuii 
himdred ]iii)ii-i-.s lia\ii:^^ I'drroiicf lo the iilloys. 

SHAHMAH, Wliifi- Metal. ScieiitiHt^ Anierii-JUi, vol. 14, 1858, i>. 25. Ib 
proved metLiUie cuiiipouiid, iipplicable tu tlie inauuCacture of variw 
useful und oruameutul ortioles. Britiiiib patent, 1857, October 13, })a 
2621. 

Tin, 16; 1eiul,3or4; xinc, 5. Said to be olioupvr than must white mclal. 

Smith. On the Liquation of Alloys of Silver and Copjier. By Cu L 
T. Smith, Madras Engineers, F. R. S. Proc. P-oy. Soc., voL 33, W» 
pp. 433-^35. 

01>wrvAtiuiii' mwlo at the Indian minta on the causes v 
liquation of the coin alloys of silver aud cupper. 



^^V^ TESTS OF METALS 523 

■ODABT and Faraday. Exi»erimente on tJie Alloys of Steel, made 
Bwith a A"iew to its Improi'emeiit. Bv J. Stodart, F. R. 8., and M. Far- 
■Wiav. (Jtuii-t. Jour. Sci., vol. 9, 1820, pp. 319-330. Ann. de Chim., 
■toI. Ifi, ISLM). |)|.. 11J7-H4. 

ft Oil 111.' Alloys of SU-el. Pliil. Trans., 1822, pp. 253-270. Ann. 

me CMvi., vol. 21. Isij:j, pp. 02-74. Dinglers Journal, voL 8, 1822, p. 

■over. On tlie Alloys of Copper and Zinc. Bv Frank H. Stover.. 
■Cheniiual News, vol. 2, 18(!0, pp. 30;i-305 ; vol. 3, 1861, pp. 22-24, 37-38, 
■Bl-53, 70-72, 149-131, 164-166. Meiiioira of the American Academy, 
■-poL 8, 186:1, pp. 27-.W. Erdmann's Jounuil, vol. 72, 1801, pp. 239-242. 

■ Experiiiienls on the cry slnllization of the alloys of cop^irr and zinc. Stover 
H con elnileB that all the nlloj-BOf uopper imd iiiiiciirc niniiily iBOmorpliouamlx- 
H turcR of the two metals. 

Kou&OK. Analysis of a Chinese Gong. Bv Thomaa Thomson, Tliom- 
Hkoi's Ann. Pliil., rol. 2, 1813, pp. 208-210. Ann. de Chim., vol. 87, 
U814, pp. 46-S3. 

■ Co]i|ier, 80.427; tin, 19.573. BemiLrkable for its liigb specilic ^uvity~«.953. 
fc On tlie Melting Points of Alloys of Lead, Tin, Bismuth, and 
KZbic. Glasgow PhiL Soc. Proc, vol. 1, 1841-'44, pp. 77-82. 
BBSiEB. Note imr lea alliages d'alinnittium. I^ote on tlie alloys of 
Bftlnmiuum. By Chas. and Alex. Tissier. Comptea Rendua, vol. 43, 
B856, pp. 886, 886. Erdmann's Journal, vol. 09, 1850, p. 381. Bingler's 
K/oMma/, vol. 143, 185T, pp. 42-45. 

WL JJeber MetatUegirunffen mit beaonderer Bei-&ckaicktigung dea Aht- 

BRt«tu»is. On metalUe alloys, with special reference to those of alu- 
Kniuuin. Dingler's Journal, vol. 160, 1862, p. 427. From the Tech- 
^ologiate, April, 1862, p. 348. 

fcucAS. Silheraekttliche Legiruiuj. Alloy resembling silver. Dinglex's 
mfournal, vol. 143, 1857, p. 157. British patent, 1856, Febniarj- 22, No. 

W Alloy of 4 |i»rt« coiijier, 6 riu, 1 each li-ad, 7,iue, and nntimony. 

BOOST anil H AUTEFEUiLLE. Sur leg alliages de VHydrogene area les 
mM^taux, On the alloys of hydi-ogen with the metals. By MM. L. 
ETroiist and P. Haiiteleiiille. Ann. de Chim., vol 2, 1874, pp. 273-288. 
mComjites ReadM, vol. 78, 1874, pp. 807-811. 

W D«sciibeB slloys of hydrogen with sodiani, pntasainm, and pallailiiiiii. 

Btx. Ure'8DictionaryofArt8,Mine8,andManufa«ture8. Vol, I, articles 
■on alloys, brass, bronze, &c. 

loHATirs. Report of experiments ma<1e by General TJcliatins for the 
KAtistrian Government on hardening bronze for CAiinon. Translated 
nnto Knglisb, and communicated to the Ordnance Bejiartment of the 
■United States, by Col, T. T, S, Laidley, U. 8, A. Published as " Ord- 
inance Notes No. XL, "Washiugton, D. C, 1875." 
I Extraordinary tiardcnluK auil iiieri^iise of stri-ngth of hronite gtins wero pro- 

■ diiced by driving raaodri'lB or pliigsiiito the lioni. Simii- B]iei-iint'ns of hard- 
H ened brouzv had a tenuila strength of 70,000 imiinda piT si|iiftre iiit^h, ■ 

■OOEL. Legirung zu Compositiona feilen. Alloy for composition files, 
■IMngler'8 Journal, vol. 159, 18(il, pp. 211, 212. 

■ A new Alloy of Copper and Aluminum for Journal Brasses. Sden- 
PtiliG American, vol. 4, 1861, p. 311. 

Bdk Baukh. JJeier die leicht achmelzbaren Kadmium-Legirungmi. On 
Pthe easily fusible cadmium alloys. By Carl Bitter von Ilauer. Ding- 
w ler's Journal, vol. 176, 1865, p. 371. Erdmann's Journal, vol. 94, 1865, 
I pp. 436-439, Phil. Mag., vol. 30, 1805, pp. 447-448, 
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VlGOUEOnx. WeUse nMit oxydirbiire MeialUegiruitp fiir TimUkw, 

White, unoxidizalile alloy for faucets. Dingler's Journal, \v\. ITS 

1B65, p. 242. 

Contains tin, nulimony, and nickel. 
Waqb. Bepoits ou Experiments ou Metals for Cannon. By officers of 

the Ordnan(!e Department, Unifed States Army. 1 vol., Philadelplua, 

1856. 

ContainaaTaluablcTuport b^'H^ipT Wade, U.S. A., on tlioprop^rtiMof hmiw 
for cannon, with di-scrintioa uT thu t««tingaiiparatna uscid, i-trfcts of inddn 
cuoling, Kepiiration of tbo luetals, and <li«cuaiiioQ tif reeults. 

Watt's. Watt's Dictionary of Chemistry Vol, 3, pp. 942-946. Artddei 
oil metats au<I alloys. See also under beads of the dilfLTent m^itaU. 

Weu>emann and Feanz. Ueber die Warme-Leitungiifakigh-U 4er Jit 
talk. On the heat conductivity of motals. By G-, IT. Weidemiuu 
and Rudolph Franz, Pogg, AnnaUn, vol, 80, 1S53, pp. 4'JT-43L 
Phil. Mag., vol. 7, 1864, pp. 33-;J9. 

Weiuemann. Ueber die Leitunrja/iihiffhnt etniger Leffirvngen fiir WUrn 
mid Elektricitdt On the conductivity of some alloys for heat m 
electricity. By G. Weidomann. Pogg. Annaten, vol. 108, 1859, p] 
393-407. PhiL Mag., vol. 19, 1800, pp. 243, 244. 

Tbo onli^r of ponductivity of tho loetiib wiw found t<i ho the sumo for htUU , 
for cWtriuity. 

Weihsenborn. Weissenbom's American Locomotive Engineering con 

tains tivble of useful alloys of cbpper, including those used in loeomo- 

tivea. 
Wektheim. De FiUutticM et de la tenaciU de» alliageg. On the e 

ticity and tenacity of alloys. By'M. G. Wertheim. Compter t 

vol. 15, 1842, p. 110; vol. 16, 1845, pp. 998-1000, 



WoHLBR and Michel. Veb^" Tcrystallisirte Verbindunf/eH PtM Alu 

nium mit Metallen. On crystallized comimunds of aliuniiium « 

metals. Liebig'a Annaien, vol. ll.'i, 1800, pp. 103-105. PhU. Mi 

voL 20, 1800, p. 377. Erdmaun's Jouriutt, vol. 82, 1801, pp. 237,2; 

Alloys of iLlilminiim irith tuiigHten, molybdenum, mnnganoac, irun, aild nk 

Wood. New Fusible Metal. Jour. Frank. Inst, vol. 40, 18U0, pp. 
128. Phil. Mag., vol. 20, 1860, p. 403. Dinglei-'s Journal, voL 158, 
pp; 376, 377. U. 8. patent, Mar. 20, 1860. 

Weight. Improvement in alloys of nickeL silver, and copper. U.. 
patent. Journal of Applied Chemistry, vol. 8, 1873, p 168. 
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IRCHES OX THE ELASTICITY ASD TENACITY OF THE 
ALLOYS. 

Br M. G. Wbbtrkim.- 

tt tinmerous researches which have been undertaken ou the me- 
lt properties of matter, tbe exjwrimeDtera liave for the most part 
dfinued the laws which analysis liad already made known, or 
bd the substances which are nsed in constmctJon. Thus, while 
iue hand the laws which govern slight changes of form and vibra- 
lay be considered as jterfectly well understood, and on the other 
ton, steel, wnud, and stone have been carefully studied, the nie- 
i properties of bodies in geuei'al, aud the laws which control the 
Unent of their molecules, when this displacement is no longer 
Ight compared to the distances which separate them, have been 
wholly neglected. 

Krtistancy or the variability of the coefficient of elasticity in the 
Bbstance auder diftereut circiimatances, tlie chauRCS that me- 
d treatment, annealing, and elevation of temperature can pro- 
he relation between the tlieoretieal and the actual rapidity of the 
the laws of permanent displacements, and tbe different positions 
Dbrium, tbe existence of a certain limit of elasticity and of a inax- 
lougation, and finally the numerical values of all these quantities, 
l&r relations to the chemical uature of the material,! ofler so many 
tas which have not as yet been discussed by philosopliers, or which 
eeu solved in different ways. In this, the first memoir which I 
te honor to submit to the judgmbnt of the a««lemy, I diaonss only 
iple metals. In a short recapitidation of work Euready acfwm- 
; I wUl mention tirst the esiwriments on the constancy of the co- 
t of elasticity. 

(Hub and Lagerlijelm have found the same coefBcient of elasticitj' 
I and steel of the same sample, whatever tlie mechanical treat- 
) which they were subjected ; M. I'oncelet, on the contrary, rely- 

tbo uniformity of known results, does not admit this constancy 
ff iron. The other metals have not yet been studied in this ro- 

M. Gerstner concludes ih)m his exiieriments on steel bars, that 
fflcients of elasticity remaiu the same in tbe diflierent positions of 
rfmn of the bar. 
lag over the differences which may be exhibited in the same metal 

Mes Reudus, vol. 15, 1843, p. 110. 

finonths after tbt^ depoiritlou of luy packut, M, Hnasoii jireAontud to the academf 

E. which ho seeks to ottablinh by liiH owii uxperimeutH i>n iron, cop)ier, aud 
by tlio experimenlB of Chladnl nn tin aud nilvor, the followinK law : Mnlti- 
I coefficientH of eiaaticity of the Htmiilp bodicii by a multiple or aubmnltiple 
'«qnival^tii, a cnnatant numbtir is obtsiued. H'. MiMBon himself attributes 
( oulj* to oociilcut {Auimlet de Ckimie nt de Phsniqw, 3 eitif, t. ili). 1 have 
* FOtiiiidered it neresHfvry to repeat tlie nbovr. It will be underBlndd, further, 
■'- icnemout eau alwHyH bo ohtaiued by chooBiiiB arbitrarily the whole 
fih tho atomic weights must be iniiltiplied or tlivlded. 
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on aoroniit of the variatioo-s in its ilensity or because of its imptiritir, &t 
covfficieats of elasticitj- have beeu det<'iDiiiie<l for lead, zinc, idlver. plafr 
miin, copper, irou, and st^elj by Coulomb, Barlow, Tredgold,ToaD|;,Beii- 
nie, Diileati, NaWer, Lagerbjeliu, Leslie, Geratnei, Seqiiin, Martin, Sarait, 
Weber, Aniant, aiid by the royal commissioii of Hanover. 

Cblailiii took the rapidity of sound on iron, coiij)er, silver, and tin, Su 
Savart on iron, steel, and copper. M. Masson made known the raptditit 
in ziiii? and Itatl. 

Thfsi' ri'p<idtH fonu almost the whole of onr exjieii mental knowl«dgecf 
eliiwlicily in an ordinarj" temperature; the variations in elasticity caowi 
by Ihi- clcviilrnri »r llu' l<'iniieratnre have not yet been investigated. 

Till' Msiiinlms nil ilif mlLewion of the metals are much morcnunt 
bnt IVi>ni tiii'ir luitiKc :iIn(> less apt to giveconcordanfrresults, Itw 
tiikv ti'ii loiin to ii']iciit IhcuL licre. I will only say further, that the i» 
Huence of annealing' on toliesion hat} Ix-en invest i(;ra ted by MM.Hufour, 
Baudrinumt, and K.irmarscl],and that of elevation of t<'iii}ii'r:itiiie ii 
the cohesion of iron by MM. Ti-ednold, Ijagerlyehn, Trfiirniy, I'oinci-, 
Dufonr. Finally, MM. MinBifl mid Desormes have made kuowii 
diniinntion of cohesion produced by heat in lead, tin, and copper, 
experiments have been on tJie tiomog^neons metiils which 1 hav<> mjTM 
rcdnced or analyzed, when it was ini]»oBetible to obtain ihem jWfeetl 
pure ; these were lead, tin, cadmium, gold, ttilver, zinc, platiimm, coi ~ 
iron, and steel. Kaidi metal wa^ first melted, when ])ossil>le, then n 
and drawn, and finally aunealod. In each of these conditions its dei 
was noted ; then I determiniid its coffliirient of elastieity and the rapi 
of sound, by nieanx of three difl'erent methods; by transverae vibratit 
by longitudinal vibrations, and by elongation. 

The number of transverse vibrations per second was iletermined I 
the ntetliod of sketching tJie vibrations, original with >r. Duhamd. . 
little elastic bent wii-e attaclied In the tii|j <■! llic md innlor t-xitjitinatiia 
left an impression upon a disk i'o;ii--d vviili liimiil'liirk. Ilavinj: faiM» 
give this disk a uniform rate III' iiiul lull, I .li'ifiminrri iln' IcTigtli oflh* 
vilirations by comparing the vibiiitiiju.sol'lhi-i'iJiluitIj those of a stands ' 
fork made by M. Marloye, and making cjsactly 250 vibi-atJotis per ■ 
ond; tlie time was thus determined \vithin at leuj^t j^^ of a seobod^ 

The nniniier of longitudinal vibrations was deterinine4i by m^anaDfi 
diiJerential sonometer consonant with the same fork. I KJitistied u 
aa to the exactitude of estimates by calculating dinctly tin- Ioii<;iCi 
vibrations drawn by two rods of two meters leiiy:tii. TluMliBi-n-ni' 
only between three and seven vibrations in a timtisiind, Firially, 
rods and bars were submitted lo the iutiim of s nw ess ively inert 
loads in an apparatus which aJlouiilorcM-ii i|uite lieavy loatls beiagpi 
on or taken oft'ivith facility- iind \iitlnmr Jar. 

The total elongations (sets) wi-u- ui' rwn l;iiiils, one wbi<'h dia 
with the removal of the charnf. and aiiutlH'i winch is)><'rtiiiiu<-nr. E«4 
of these two parts was measur('<lsc|iiira:<'l>. Ity iiicaiis ufa caHu'ti'mtlrt 
measuring hundre<lths of a niillinn-ii-r. Tims, imt mily thi- ciifiiicifiir'J 
elastieitv was deteriuiued anew in cacli po^sition of (^iiuilibiiutii that tl 
rod attained, but also atl that relates to the liiidt uf elasticity, Iv A 
maximum of elongation^ and to cohesion, was studied at the sainetill 
After rupture, thedensityaudelasticityof the fragments were exBBUll 
anew, and, finally, all the ext>eriments in elongation werejeiteatcdatn 
temi>eratnres of UM° and 200° C. These, then, are the cooclit^ns tW 
may be drawn from these experiments. 

1st, The coettident of elasticity is not constant fur the same ntetlJi 
whatever augmenlrt tlie density iiicreaiies it, and reciprocJilly. 
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2tl. The lougthidinaJ and transvers» \-jbmtioii3 eiidpntly give the 
same eiwffieient of t!la8ticit>'. 

3d. Tli« vibrations give <»emci«ntA of elnaticity much grtftter than 
those obtained by elongation. Tliia difl'erence ia dae to the accelera- 
tion of movement prodnwd by lilwrated Iieat, 

4tli. Consequently, sound in solid bodies is due to waves and conden- 
sation, and we may be able by means of the foniiula given by SI. Uu- 
bamel to make nae of tlie relation l>elween a«it«al and tlieortiticjil 8|>eed8 
iif sound, to find out the relation of gpecifte heat under constant pres- 
sure to that at constant volume. This ratio is greater for annealed than 
f{)r u<m-anneale4l metals. 

r»th. The cm^fHcient of elasticity diminishes with the elevation of the 
lemi)eriiture at a more rajjid rate than that which is due to the corre- 
i^poniling dilation. 

Gtli, Magnetization does not sonsiblv chaugi' the vliistii'itv of iron. 

7th. The elongation of hmLs and liiirs by ilu- iii.i.li.Miion of loiids 
affects their densities very slightly. Tln> ciirtlicicui ul chiKticiry whouUl 
therefore vary aa little in the diil'eieut pusitiiiu.s of eqiiilibriuin; and 
this is in fact what takes place, in so Ikr as the loads do not became 
great enough to proilnce rupture. The law of Gerstiier is therefore 
confirmed by all the metals of whieli the particles take a position of 
e<|uilil)rium after having passed their limit of elastiinty. 

8th. The |>ermauent alloys ai-e tiot found intermittently, but in a eon- 
tinuous manner. By suitably limiting the loa^i and its dm-ation of 
action, sH<;h permanent elongation as may be desired can be priMlnced. 

9th. No true limit of elasticity exists; and if no permanent elonga- 
tion is observeii for the iirst loatls, it must be because they have not 
been allowed time to act, and lieuause the rod submitted to the ex|ieri- 
nient is too short relatively to the delicacy of the measuring instru- 
ment. 

The values of maximum elongation and of cohesion also de]>end much 
on the manner of operation. Tliey become greater the more slowly the 
loads are increase<L It may be seen from this how arbitrary is tlie de- 
tunmnatioD of least and of greatest permanent elongation, and that we 
cannot, with Lagerhjelm, found a law upon their values. 

10th. Tlie resistance to rupture is considerably diminished by anneal- 
ing. Tlic ehv;itiiiii of tlie teiniitratni-e even to 'J(H)° C. does not greatly 
dtininisli tlii' ciilii'.siiin „t' nit-tuls iirt-vlously annealed. 

Aftri- ifiis piiirly (■\[HTiiiii'iit;il [liirt, I sought to discover a relation 
l)etwi-(Ti tin' roitliiLt-iit <it' •■hisfirity, which is the onlj- truly scientific 
niecloinical datiuu, iind the muleciilar constitution for com[iaring the 
result of calcidation with those of experiment. 

M. I'oisson has been led to the following expression of the coefficient 
of elasticity: 






in which a is tlie mean distance of the molecules, r the radius of action 
of the molecule, the function /f giving the result of simultaneous action 
of the attractive molecular tbrw and of the repulsion due to heat. 

To find a I assume that the weight of em-h molecule is expressed by 
it» atomic weight. We know that this hjiwthesis is probable frrjm the 

learchcs of MM. Dulong and Petit, Avogrado, Reguault, and Baadri- 

int, on fipecitic heat. 
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Tlio relative nuinlier of atoiDB ooutAiued in tlie sauie vnluiue '» tlw 
obtemetl by dividing tbe specitic weigLt by tlie atomic weight ; the n 
ciproeal of the cube root of this number is the measure of theO' 
of the molecules for each metal in its different couditions — that ii 
say, tile value of a. 

There remains, then, in the fonniila to l>e detenuined, only the f! 
tious/i- which we may attem^tt to deduce. 

The following ai* the n^sults of this formula : 

1st. y should become greater when a diminishes, and re<"ipro«iUy. 1 
may be seen in the fourth table of my memoir that this really ti " 
place, but the condensations and dilatations that we can produce I 
these mechanical means are too slight for us to determine with certain 
tiie relation between the changes of a and q; nevertheless, the prodi 
qa' is very nearly constant for the sauie metal. With elevation of te 
pemturc the coefficient of elasticity diminishes so rapidly that the pm 
urt i/ir i.s always less than at an ordiimry temi>eratiire ; the ftinction, 
Hhiiiikl tlLi'ii include temperature. 

2d. The different metals follow in the same order in proximity of t 
molecules, in their coefficient of elasticity, and in their jjower to contf 
BOiuidin proportion to its intensity (this last is only appi-oximatelyknc 
by the exi>eriment« of Perolle). Platinum only ranks between «V, 
and iron in relation to the coefficient of elasticity, while it ranks belwd 
zinc and cnpjier in i-elation to tlio distances of the molet'ules. 

3d. The product of the coefficient of elasticity by the seventh pow 
of the mean relative distance of the moledulea is tbe same for the |^Ml 
part of the metals. This agreement is so complete tliat it win be *x«(*^ 
to this degree of approximation fur lead, cadmium, gold, silvci', xiuc,!) 
inin ; but copier gives a somewhat smaller pro<luet, anil tin and p'"' 
uum much higher products, than the other metals. If this agi 
were general, we uught infer from it that the resultant of the iitt 
molecular force and heat repulsion diminishes hi the inverse ratio of (I 
flith power of the di8tanc«8. But this agreement is not conttrmed b, 
tiiemetalsexperimentedupon, pro\iugOQlythatthisresultantdiiniiiii 
in fact, as we assume to be the case in our calculations, much mori n 
idly than in the inverse ratio of the square of the distanf!ea. Inl 
letter attached to this memoir the author requests the oi>eningofaH * 
jiacket dated July 19, 1S41. This packet, opened on the spot, contai.^^^ 
the following note: "Sealed packet addressed by M. Werthcim iii 18^ 
acce]>ted by the academy at.the session of July fl." ^^ 

Philosophers gener»Uy admit that atoniic weights represent lUetn 
weight ol the moleciiles, and that thr diauu'tere of the molecidw" 
variiililc in their ratio to tin' distancrs wliii-h spjiarate them. Wed 
then obtain the number of iui)li*viilfs ui' tJLi' different simple l»di«<S 
tained in the unit of volume by di\ idiug tlicir speeilic weights by tht 
atomic weights; as to composite bodies, this same reasoning will lesdW 
a knowledge of their molecular arrangement. Now the attr»cli\'p fa* 
should necessarily be a Inaction of the distance, a function that e^ 
ment aloue can make known, and which leads to the knowledge of fl 
laws of cohesion, of elasticity, and of the rapidity of sound, 

The comparison contained in the following table, which I oomB^ 
cated to M. d'Estinghausen, at Vienna, four years suice, ehovl ll 
intimate relation of these different quantities. The first iwhimii wttw 
the specific weights of the melted metals ; the second the atomic veli^ 
calling the atomic weight of oxygen = 1 ; tlie third colauiu contwnt B 
number of atoms iu the unit of volume. 



w 



TESXa OF METALS. 



toic weights axe tliose of M. IterztiliiiB. except tliat of silver, 
sduced one-half, coufommbly to the researcheH of MM. Uulony 
and of M. Kegtiault, oa speciflti heat. 
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nrtber, that thfi metals rangp as to their condm-tibility for the 
if sound, according to Perolle: lead, tin, gold, silver, copper, 

the diamond, hardeBt of the simple bodies, contains nearly 
lolecules as iron ; its number is 4,668 to 4,708 ; these numbers 
ed by dividing its extreme speeiflc weights, 3501-3531, by its 
ight, 76, recently determined by M, Dumas, 
that in the simple bodies which hare been submitted to expeji- 
far, oohesion, elasticity, and conductibility of sound, as mnch 
■d to its quickness as to its intensity, are as much greater as 
ales of the same bodies are nearer to one another at tlie same 
Te. 

experiments are far from Iieing sufficiently exact to 8er\'e as a 
slculatlons. In fact only a small number of chemically impure 
re been tested by the methods of extension and of rupture, 
(n to me better adapted to rese^irches on vibrations than to the 
ooleenlar forces. It was with this \'iew that 1 made the exper- 
I vibrations of bars of chemically-pure metals, the results of 
ive the honor to submit to tlie academy. 



E ELASTiriTY AND TENACITY OF THE ALLOYS. 
By M. O. Wbrthelm." 
( Abstract hj the author. ) 

(vious work which I had the honor to present to the Academy 
) session of July 18, 1842, 1 considered the mechanical proper- 
) simple metals. After having examined and compared the 
aet^o<Is of studying elasticity in relation to ordinarj' as well 
temperatures, I applied these methods to the pure metals and 
results of which I will describe only those which servo as the 
le new work. 



530 TE8T& OF METALS. 

It was sliowii hy tlicse experiments — 

Ist. Tliat the eocflicieiit of elasticity is not eoiistiittt ibr Ihesameiu 
but that it ctiaiigtts with the densit; and in thu sauie way. 

2(1, That the loncttiidiual nnd tninttverse vibmtiuns prodai 
cii'Mt of elasticity a little greatei' than tliat dcdmwd by din-ct elongal 

.'id, Tbat exijeriiiicnt ajn'ees with analysts as to tin.- ivlatiou »l 
should exist between the coefficient of elasticity and tlio menu disti 
of the molecules : that is, whenever in the same metal this disti 
bc(«)ine3 gi-eater the (-iHiflieient of elasticity diminishes, and reciproo 
eoii8ei|iiently the diflerent metals lorm the same series whetlier anai 
att'onling to their coefScient-s of elasticity, or a<?cording to the imni 
of their nioIe»?ules. 

4th. That tlie product of the coefficient of elasticity- by the aew 
[lower o( the mean relative dLstanees of the molecules is the e 
the greater pai't of the metals. 

In this s«K;ond paper which I have the honor to present to the A 
eiiiy, my objet't is to see, first, if tliese laws are equally applicable 
alloys. Then to ascei'tain whether the mechanical properties cau hi 
UH to an understanding of the arrangement of the molecules of tiKK 
atitueut metals of the alloys; and, finally, to seek for some reit~'~ 
between tlie propeitiesof the alloys and those of the constituent nn 

In general, the alloys, in spite of their irequent employment in 
arts, have not yet been studied as to their elasticity. The coefliiid 
of elasticity of two alloys alone, that of brass and that of beUm 
liave been deterndued by Tredgold, Savart, Bevan, and ^Vi-daiit 

The cohesion of the alloys, on the contraiy, has been the ohjectt 
long series of experiments, eHi)ecially on the jiartof iMusschemhro^l 
Kanuaseh, but yet no general law has been found. The alloys irf' 
hfive used in my exi>enmeut« have' been ]>repared in part of tl»B Ji 
metals employed in my former researches, and in i)arl of tlie r* 
metals of commen«j. Alter mixing them well, 1 stined liiem treqn 
while ill fusion, then jtoured them. The ductile alloys were dniwi 
others filed to the requisite size. I will not go into the detailsflfi 
experinieuts, which were precisely similar to those made ou A 
metals, but only say that I feel bound to analyze chemically d 
alloys, although I might have, for the most piu-t, mixed theineU 
atomic weight*, or the simple multiples of those weights. But A 
equal oxidixatiuii or the partial \aporizatian of a oonstitiient lati 
ami considerably changed the proiiortions. 

When the alloys wei^e compostnl of metals whose specific woiglil>| 
very ditt'rrcnl, or « lini Ihcy oft'cred inequalities of color or of mtlUcdl 
1 iii;i(!r llir :lll:lly,^i:^ oil |iarts taken fi^om the two extl'euiities of Al 
li;ii'; I'uiisciiuciiily, willi ilieso analyses, I was obligetl to r^eel*] 
nuiidicr of iinii lioiiiojiiiu'ous bars. 

My experiments were mmie upon fifty-fotu- binary alloys aw 
ternary alloys, among which are found also most of the alloys «riH|' 
in the arts, such as brass, pinchbeck, gong-metal annealed and 
iiealed, bi-onze^ paehfong, type-metalj &c. 

These exjMiruuents gave the following results : 

Ist. If we suppose all the molecules of an alloy to be the s 
tance from one another, as seems natural, we find that the smt 
mean distance the greater is the coefficient at elasticity. We m 
quently some exceptions in the series of alloys, and further, tlM _ 
qd' which is almost constant for simple metals, varies greutlf 
alloys. It is possilile that another hypothesis on the molMtdlvr 
ment will cause this objection to disapjicar. 
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f. Tho r()ofBcif'nt of t'lastk-ity of the alloys agrees sufficiently well 
I tJie mean of tlifi e^jeflitieot of elasticity of the coiistitneut metals, 
i- alloys of zinc and copper being the only exceptions. The only 
ilenijations iind e.'tpanaions which iKxur during the forniatiou of the 
y do not sensibly affect the (coefficient. We can then calculate be- 
hand what shonld be the composition of an alloy in oiiler that it 
■ have a given elasticity, or tlmt it may conduct wtuiid with a given 
tiity, provided that this elasticity or this velocity fall within the 
ts of the values of these same cguantities for tlie known metals. 
1. Neither th^ tenat:ity, nor t\w limit of elasticity, nor the maximum 
igation of an alloy t:iu ln' (k't- rdiined a priori by means of the same 
iitities as determiiit<l lin flu' imtiils which compose tliem. 
th. The alloys act like iliv >itii|i!i- nulalsas to longitudinal and trans- 
BB vibrations, as well il^ i-li>ii^;itii>u. 



RESEARCQBS ON THE METALLIC ALLOYS. 

Bv M. Alfred Hichk. * 

e is no study more generally neglected than that of the metalliu 
This very general neglect is <ln6 t« the fa«t that the character- 
Vpou which we rely in determining the purity of substances aixs 
uly inapplicable to these substances. Their melting points, even, can- 
be determined, either because decomposition takes place before they 
^n their high temperature, or because we have no precise means for 
■ermining such liigh temiieraturen. • 

n the second" place their crystalline form is not a gauge of their 
"ity, for Cooke and MattliieJ4seii and de Bose have recently shown 
t the crj-stalliue form of ceitain alloys does not vary even when 1(J 
cent, of one of the two metals is substituted for IC per cent, of the 

'inally, liijiiation often prevents the ]>recise determination of the 
nt at which the metal melts and solidifies. This latter property, 
I'ever, enabled M. Rudberg to prove the existence of true chemical 
ibinations among the numerous alloys of the two metals^ but it can 
y be utilized in a few cases where the point to be determined is tJiat 
the melting of alloys at low temperatore. There is another cbarac!- 
«tic of which wv take a<lvantage in other cases, espeicially when we 
li to dctcnjiinc tlic combinations that water fonus with the mineral 
1h; thi^ i.s llic iii:tximum contraction. 

t sccnis 1(1 [tic tliat this shonld be a charactoristic of all the metals, 
there exist to my knowledge, at least, no data on the subject. It is 
V known iliat iciliiln alloys are more dense really than they are the- 
ticiilly. :iTul tlLiit iu others, on the contrary, the density given by ex- 
iment i.s less than the average density of the constituent metals. 

I. AlloyH of tin and lead. 



'he following table, of which the first colnmn contains the theoretical 
irity of the alloys, the second their density as given by experiment, 
■Ue third the difference between these two densities, shows that 
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there ia »«ooietiine8 dilatatioa and mimetime^t contraction, »ntl that 
n of contraction corresponds exactly to the aUoy 8n' Pb 

IThe ('en — iBdiKalvx dllaiitlnn : Ibn ilRn 4- IndiistBii onntrKiinn,) 



So-Pb-. 
RntPb. 
Sn'Pb'. 
BbPb.. 



The differeiie«6 being slight I made a large number of dctermiuetjoi 
e8])e<iially on the alloy Sn' Pb and those near it ; it is for Uiis n 
that 1 t<i()k the density of the alloys corresponding to the formiUieSl 
I'b^ nod Su' Pb^ 

For the alloy Sn^ Pb alone I made seventeen tleterminations, wliidil 
gave nimiliers varving between 8,417 and K,in. I worked eacbtj 
npon newly prepared samples in quantities varying between Ij a 
grammes at vailing tenii>eratiirefi. ^_ 

The alloys were prepared directly by melting in earthen cracil 
stirring tanfiilly, fht-ii vitoling in a long and narrow cast-iron in 
mold of siii'li sliajii' iliMt solidification took jdace almost instan^^l 
consequently lli|uati"ii liid not iillci-t tlie product obtAJued. 

The density «l' Ihi' fiilirc ingot, iimf not of a imrtiou of it, was (4 
The hydrostatic balance waa employed. Tlie numbers obtAiuedM 
spond to the temperatiu'e of 18° 0. Analysis of tlie alloy Sn* Pb uj 
tbe alloys near it was afterwanl mmle, and the nimibers given bji 
lierinient corresponded with the theoretical. 

Is the alloy Sn' Pb a distinct chemical compound 1 It sivma to 
nnqucstiouable, fortliia is the point of saturation, theiiorntof maiiini* 
contraction, and this point corresponds to an atomic conibiiuition. 

Besides — and it is for this reason that I commenced luy nsi';inli»«" 
the alloys of tin and lead which were the principal snlijrc r i>{ tlio wsju 
of M. Rudberg — this alloy is the only chemical comiioTiml v 
a«lmits to exist between these two metals. Two dilicivnt iuetlj«l* 
then, lead to the same conclusion : 

II. Alloys of lead and bi»muth. 

Deiiflity nf the lead ...... lli 

IleiiBity of the liiBmiith ,., 
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jdniHin coDtraction, tbeu, corresponds to the alloy Bi PW, avd 
side of this alloy a very regular diminution in coutractjou 
rtieed. The differences being ^ery great both between the 
I and experimental density, and between the density of each 
that of its neighbors, I only made two determinations for eat^h 
1 analysis of the ends and of the middle of the ingot formed by 
3i Pb= gave tlie same numbers, it seems to me that this alloy 
considered as a ebemieal compound. 

>erg did not experiment upon this alloy Bi I'b', whi(;h is of a 
iiite, and formed entirely of little crystals. Distilled water 
with sufficient rapidity to give birth to little peaily white 
which are held in suspension in this liquid wheu it is stiiTed. 
III. AlUiy» of antimony and lead. 
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dnram of contraction corresponds moreover to an atomic alloy 
hich has a rather simple competition, and near the alloy 8b 
maximum of dilatation. The phenomena are therefore more 
id than in the preceding cases. 

toys aro crystalline. The alloys near Sb Pb' crystallize In 
i scales. The crystals of the following are verj' fine yet very 

IV. A^loyn of tin and bismtitk. 
>Gen able to make but one series of experiments (m pure bis- 
)ropose to prepare some anew in order to verify tUem. / 
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RESEARCnES ON THE ALLOYS. 
By M. Alfred Riciie.* 

Ill tbiH iiot<*, which is a siiramari- of a general research r>n Uie alio; 
I have to do (luly with the alloys of copper and tin with respect to tb< 
density, liquation, and fuBibilily. 

Deniity. — The first determinations were made on bara weighing 
50 to (HI ^■ammefi, bnt no ;(reat importance can be attached to the re 
iibtaiiK'd on aci'ouiit iif tlic considerable variations which oxutt in 
t^'xlmv "f tin- diHi'iMiit altoys, and for this reason I afterward vai 
with tlicsc iiiati'iiiils rt'tliii-cd to fine jiowder. The Bnbjoined table 
a ucw fatt nsimely, that the contraction increases quite regnlarly 
the alloj'8 vert' rich in tin, up to the alloy Sn <?n', and that from I 
point it suddenly increases, attaining a maximum when the tin andt 
per are in the relation of 1:3. From this alloy the ilensity dimiuisi 
then a<jain increases quite regnlarly, bnf the density of the alloys c 
tainiiij: most copper is less than that of tlic iillin Sn (_'ii^, which contai 
only 1)1' per cent, of copijer, BesidCK, tliisnlloy is i'le;iily diffeivnt 
all the uthfjs in its characteristics; itislirittlccnouKli to be. jMunded 
a mortar, and is seen in bluish crystalline gniins, which in no resj 
resemble tin or cojiper. 

Dimiiljf of Ike alloyt a/ copper and lin. 
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Liquation. — The separation of the alloys into other alloys at tlw. 
ment of solidiilcatiou is uotas marked as that of the alloys of silver' 
copper. In order to show this characteristic, the material niiiotbe: 
at the moment of solidificatiou in order to sepiirate the little dtopti 
metal from the crystals already formed. 



■JnHahi ie Chmi*. vol. 30, 1873, pp. 351-419; Diugler'a Jovroat, vols. SO, UiSN* 
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The following results were obtained oti the last sample left liquid i 
» mass weighing 1,0<X) to 1.200 grammes : 



Fanonliaflfag*lloy. 


neiltllitoCIin. 


Weight nflio 
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HGonsequentlj', liqiiatioQ is exhibited by alt the allovs except Hn Oit^ 
jl Sn Cu'. 

Hlity. — In order to determine the fusibility of the alloys, I have 

tonrse to the thermo-electriu couple of ]>latinum iind palUidium of M. 
_ scquerel. This apparatus was made by 5f, Ruhmkorff. It may ifudcr 
^reat service to chemists, and is already emjiloyed in tlie metal fouudt'ry 
and iu the pottery manufactory; but instead of using an ordiuivry gal- 
vanometer, I employed Weber's uef^dle, which is much more sensitive, 

I worked ordinarily on the preceding alloys and on the metals of 
whieli the points of ftision and of ebullition have been taken as fixed 
l>oiiits by various experimenters. 

From the numerona determinations that I made, it follows that the 
solidification of the alloys Sn Cu^ and Sn Cu' took jilace at a tempera- 
ture intermediate between the imint of fnaiou of antimony and the boil- 
ing point of cadmium. 
li'iiliiii; wiiti-v iimlii- a preMure of 76 ceutiinetern 2* 



I lri<il this determination on all the precedinjj; alloys, and will give 
tli>> nsiilta in the detailed memoir; but it is cle^r that, on account of 
li<|uati<m, we can obt^iin an exact residt only with the alloys Sn Cn' and 
Sn Cu*, in which there is no sensible liquation. 

In a pre\iouB paper I gave the fusibility and density of the bronzes, 
and I showed that the alloy 8n Ou^ does not separate into ©ther com- 
)H>unds even when it is kept melted and stirred for a long time. I slated, 
as Calvert and Johnston had previonsly shown, that copper and tin exhibit 
maximum contraction in this alloy, contrary to the opinion of other ex- 
periuienters, who have maintained tliat contraction increases with the 
proportiou of tin.' 

Till- crriirs oii tliis point and the differences which exist between the 
iiuiiilurs ipl>t:iiiii'il by Calvert and Johnson and mine are probably due 
til tin' filet thn\ 1 worked on alloys reduced to flue i>owrters, while the 
otliev I'xpftiim-utiTs, and probably the able Knglish authorities thera- 
nelv<-s, riiiiili- iisi> 1 if ingot metal. Now, supposing that they avoided the 
f«nn:itiHtL(it' lilnwlioles in cooling, the texture of the alloys presents such 
fiitlerences, and the density of certain bronzes varies so greatly with the 
riipidlty of cooling, that the materials cannot be compared if plates or 
ingots are employed. 

I. Canm, in his celebrated researches on steel, has undoubtedly provtnl 
that temperiuK 'limiuislies the density of this botty. It is said that the 
B«anie i.s Iniv dT flie bronze of sonorous instruments.t My experiments, 
reicjipituljili'd in tlie following table, show the contrary. 

•Brii'-lii-, TniMil,' ChimioiU .If. DwrniM, t. lii, n. 612. 

I DiiitH,usH<>.y Trnif^ile Chimin de Sf. Dumai, t. iii, p. 517. Wertboiuj, AuHaUt lie Chim. 
tt de Fkyi., 3d »6rie, t. lii, p. &tl3. 
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Then, tempering au() anneiiUug praduce entii'ely iliflerent eCTwIit ii)Kin 
Ht«el and upon broii^.e ; while tfiiuperin}; iliim[iislie>s tite itonmlrf uf tb* 
toriui>r, it iiicreiiaeH tUe dentoity of tbe latter. Tlie fact is n<> uion^ tban 
natural, for tttiniteriu^ liardeiiH wntiij^ltt Ht«c1, while it softt-iM brouie. 
As to annealing, it im-iea«es the density of tempered steel, while it iti- 
luinislieK the density of teunwred bri)uze. 

//KMbiniiiin altcl u»ed In mating coin at Ikt Mini of ParU. 
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n. lu view of these result*, it will beiutereating to know whether ilu.-r 
differeiiees are shown when the mateiials are subjected to hiLnnmTin;; »i 
to the press. The following tiible shows the variations in deiisitj wIh^u 
steel and bronze are snbjeeted to the successive a<;tiou of blow and o( 
heat : • 
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'TI)eM\ iiiutuU wcire in sheolA weighing trunidOtnlSOgrtimmM. They win* M 
under h prewi worked by fixir men. The til-i'isl hod \nfn numwUi). Tfio bmu 
bnon U-iiiyii>red lu nnm» expcrimsntH und nnui'ahid in otiiurit. Tliu matorialu wmtfH 
ill the BfiiuK BUct't-irou cnun, aurroiimU'd with coal dust. 
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Hence, blows act very differently on bronze and on steel. Tbey t 
iderably increa.se the density of the former, while they produce scarcely I 
ny sensible difference in 8t«el, though the tendency is to diminish ita J 
eiisity. If this latter effect is realized in all the conditions of the blow ] 
>r st«el, we may conclude that the blow prodnces in these two coses I 
tie same rcRUlt as tampering. The fact is unqnetttionable for bronze J 
t leaat; and as in this case the action of heat and of blows tend both J 

I the same direction, the density increases considerably; indeed, after I 
ve tempeiings the density increased nearly one-twentieth. 

We see, then, how on the one hand a block of steel subjected to im< 
ressiou in making coin undergoes thirty and even sixty anneaJings 
ithoiit being alf'ect«{l ; and we see on the other hand how all the at* 1 
unptH made in our country to manufacture tamtams and cymbals with n 
ie metal ofthe Chinese and Turks have been unsuccessful, for the metal I 
liCe melted it was made i-ed-hot or tempered, and then worked cold;* ] 

II operations which contract the metal, and make it liable to fracture 
uring the working. 

In onler to succeed, the Oriental method of working mnst be exactly 1 
)llowed. Now, we understand this method perfectly, thanks to various 1 
[^velers, and especially to M. Champion, of the Conservatoire de» Arts 
'. Metiers, who describes the operation in all it^ details in a work which. J 

ill shortly be published. This method is very reasonable. Every part j 
f the work which has for ite object the thinning of the cast metal is 1 
one by rapid hammering at a high tomperature. The dilatation pro- 
uced by heat counterbalances the contraction caused by the ham- 
leriug. 

III. Copper subjected to successive tempering and annealing presents 
othing similar. The density scarcely varies. It falls a little, for after 
9veu operations it was reduced from 8.921 to 8.781. No marked differ- 
[»'« can be observed in the effect of tempering and annealing. It is 
le same for the bronzes containing but little tin. - | 

If in making copi^er medals, the medal still red-liot be plunged into 
cidulated water, it is simply to avoid the considerable oxydizatiou pro: . 
need by slow cooling in contact with air. 

I had some copper medals struck, and determined the density after 
ich compression and after eat^th cooling. I found that alter six opera- 
ous the density had again become what it was after casting. This 
Bcuharity and the softness of the copper moke this metal one especially ) 
iapted to making medals. | 

Analyses of antique medals show that the ancients sometimes employed 
>pi>er for this purpose, but genei-ally bronze, and tliat the proportion 
f tin vai-ied between one and twenty per cent. 

Alter ha\'ing discovered, by means of an ingenious apparatus made by 
[. Magna, that bionzes containing two to tour per cent, of tin are not 
inch harder than copper, I had some medals of copper and of other al- 
lys struck, wilhout any ditl'erence in the mode of working. The differ* \ 
nces were not ver,\' noticeable for medals of 35 millimeters and under, 
nt became very marked in strips of SO and 68 centimeters. \ 

While in making a medal the copper had to undergo but 7 compre»- A 
ons and 7 unnealiugH, there were required 10 for bronze of 97 of copper | 
[jd 3 ol tin ; llJ for bronze of Sti of copper and 3.u of tin ; 13 to 14 for J 
ronze of 9G of copper and 4 of tin ; 10 at least for bronze of 95 of cop- 
er and 5 of tin. 



•WtMl 



it in true, in Hcivnral nurkn on clioniistry, thai tliia methotl is satisfactiiry. 
iiifncturura, M. Lecniute anil M. Uniitrot, luwurcil mu tlint uo one bad yet 
u iDakiuK tamtuinH mid cymbals witb Ibe uii^tat of tbu Oricutala. (C. K., 
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The introduction of zinc softens tlie metal slightly, for 14 compretwions 
were anlTcient to make the same medal with an alloy containing: 95 wp- 
per, 4 tin, 1 zinc, and 16 to IS were necessary with an alloy containing 
04 copi»er, 4 tin, and 2 zinc, which wa« formerly employed. 

Very important works on the alloys have been publisheil within a few 
years Iiy RIM. Wertheim, LeTol, Matthiesaen. Calvert and Johnson, ftc, 
Yet we are far from understand in;; Batisfiietorily the general proijettie* 
of the more important cla.sses of those bmlies, suqh as bronze and hrasi, 
and I have devoted myself to filling up mnie of the gapi* in our knowl- 
edge of these subjects. In this first paper I consider moi^ esi>ecially the 
alloys of copper and tin with reference to their ftisibility, liquation, and 
the modifications which take place in their volume, andVi-the influcncts 
of annealing, heating, and mechanical action. Aflprwarde, 1 sjieak mon 
briefly of copper, of it» alloys with zinc, aluminium, nickel, and iron, ami 
Anally I compare these bodies with steel, iron, ami glass, with referenea 
to the variation in volume that temiiering aiid annealing produce in these 
different substances. 

The determination of the mechanical proirerties remained to be cfin- 
sidcrcd. Not having at my disposal the necessary apparatus, I appfie^ 
to M. Tresca, who has estjtblished at the " Connerratoire dea Arts et Ifo- 
ti&-«" special apparatus for this sort of experiments, and 1 shall shortly 
publish, in common with M, Alfred Tresca, the second part of this vorfc 
including the study of the mechanical properties of copper, tin, zinc, and 
their principal alloys, prepared in atomic propiirtious. 

5 1.— FlJSIBtLITY or SOME METALS Ayi) ALLOYS. 

Liquation o/brort-:e. 

I have tried varions means to determine the fusibility of metals wlii 
melt at high temperatures, and it seems to me that only one can beptac 
tically applied and furnish sufficiently exact results ; this is the thenv 
electric pyrometer, formed by the junction of a wire of platinum aitdOnB 
of palladium (an apparatus pi^oposed in 1835 by M. Becquerel, senia^ 
and carefully considered by M. Edmond Becquerel in 18C3). 

This instnimeDt allows of the temperature being measured by a 
paring the deviation produced at the moment when the matter solidiflel 
, or me^ts, with the deviation observed in baths having a flxetl ttimpe* 
turc. This pyrometer, so gnuluatetl, may be of great sernce in chemical 
and industrial pursuits. Si. Euhmkorft', who makes these instrumeatSj 
has intro<luced them into the establishments of the founders j^nd pott«] 
manufacturers. 

The needle employed in mannfactiires is an ordinaiy one, but fcftn 
searches, where precision is required, it is necessarj' to make aSft 
Weber's, which I have employed. The only difliculty — and it is a veij 
serious one — is in finding a position for it where it will not shake or 
tremble. 

I use at least one kilogram of alloy. When it is fusible at a low ton 
peratiire it is heated in a crucible in which the i>«rcelain tube contw 
ing the pyrometer is placed. When it melts at a high tempeiratnre it il 
first raised to tliat point in a blaat-fumace, and the crucible of moltet 
metal is placed in an onlinary laboratory i\iniace where it is slowlj 
cooled. The pjTometric tube pre\iou8ly heated is then introduced int* 
the 1>ath, and the deviation at the moment of solidiflcAtion is noted. 

All the alloys of copper and tin are subject to Uqaation at the mom^ 
of solididcntion save those of which the composition corrcsijonde to tirt 
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foriniiliB 8n Cu' and 8n Cu*. The liqnation is slight for the alloy in 
vrliich tin and cojtper aro in the relation of 1:1"), and conHiderable for 
the others, in such <le{free that it is impossible to determine the fusibility 
of any except the alloys 8n Cn^ and 8n Gn'. 

Three series of experiments have been made. In the last two the wire 
wound around the bobbin of the galvanometer was much longer, and in 
one section ten times smaller than the wire which had been used in the 
former series. 

This modification in the apparatns was made in order to increase the 
resistance of the thermo-electric circuit without rwlncing the sensitive- 
ness of the instrument, and to lesisen by this means the error which re- 
sults from the variation in conductibility in the circuit, which is caused 
by variations of t«mperatMre. 

Each day, at the beginning and at the close of the experiments, those 
results only were considered good which were obtained when the devia- 
tion WHS obvionsly the same in these two experiments. 

M. Edmond Becquerel was very desirous of verifjiing my principal 
results with my pyrometer, and he found them proportional to the results 
obtniued by him for the same bodies. 



DevUtlDU atwarrsd. 



Ill 



tt M. BMqn«r«l. 
: Approilmato tMult. 
made a large number of esjierinients si>ecially to determine the com- 
ative fusibility of the alloys of tin and co]»i)er. They have always 
pod with Sii V\i*, and esiiecially with 8n Cn', and have been very 
incgidar wiih thr others. These latter results are caused by the liqua- 
tion of llir iilloyN at the moment of solidification. In order to determine 
within wliiit liriiit.s I'opptT and tin separate from their alloys I first pro- 
posed to melt them in an iron ingot mold, as Levol did some large 
spherical masses, ajid analyze the difl'ereut parts, but with oue part the 
liqnat*'d alloy is not very hani, and with another part the proceeds of 
the mixtiue have not the shari>ne8» of those resulting from the tests of 
the alloys of gold and silver, and I was obliged to give it up after a 
number of uuBuccessful attempts. 

Two series of esiwriments have lieen made: 

Ist. From filH) to 700 grammes of alloy were melted in cylindrical 
eartlieu tubex of three centimeters diameter and sixty centimeters ui 
height. 

The alloy was kept in the tnbo in a liquid state for ten hours, and left 
to cool very slowly iu the middle of the hearth, tovei'ed with ashes. 
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To avoid oxidation tlie tubes weru indosiul iu a large eartlum boi 
whei-e tlie.v* weru si>parated by cosil-dust, and in euch tube was pbuxti 
coal, wliicli floated ovur the invtallic bath. When the ingot waa cool 
the tul>i-s wei-e bi-okeu, aud a portion taken tVoui tliu top aud the bottom 
tif eiicli iilloy ibr trial. 

2d. I'ntrii 5(Mt to 700 grammes of eacU aJloy were melted in an eartiiui 
crucible aud stirred constantly with an eartbenwiir© i-od nntU solidiS- 
cafion took pliK-c, so tbat tlie liquid iiortiondid not remain vi«c(iuHititbe 
midst of tlie solidllie«l mass. Then tlie portion sntfjected to aualysiavu 
poured off. 

The following table shows that all the alloys of copper and of tin are 
subject to liquation, except those which correspond to tiie furmule Sn 
Uu' aud Su Ou*, which explain.s the inipos-sibility of determiuing the 
iwiut of fusion of any except these two. The liquation is greater in tbe 
alloys rich iu tin than iu tiiose iu which copper predominates ; for it is 
only in tlie former that it has been possible to observe the different com- 
positions at the top and bottom of the ingots obtained after long tiision 
tbllowed by slow cooling. 

Tarle 3. 
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§ II. DENSITY OF THE ALLOYS OP COPPER AND TIN. 

My first experiments were made ou bai-s of diSerent alloys, but Hr 
should be remarked that even supposing it were possible to avoid all 
blowholes in the cooling, it is im|>o8sible to tibtain comparable remit* 
because of variations in the texture of the bronzes. Some are not ay*- 
talline, others have a very fine grain, and some are in lai'ge, tliio, tabo*' 
lap crystals. The bars on ivhich I experimented iu the former aeaaja 
weighed between sixty and seventy grammes. They were melted inti» 
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Niime m(>Ul, In tlie second stirii!!! of e!:[>erimfliitt<^ filings were taken 
from lop and bottom of tho ingots wliicli had been nsed in the preceding 
ti-ialK, in order to nialie two (wmpanible assays for every alloy. These 
tilingfi were made witb a now die, and were aftenvarda submitted to the 
at^tion of a magnet in order to separat*" tbe partleles of iron that might 
have been detm^hed from the file. The density was estimatwl in this 
■ latter case by a hydrometer. In one ease the filings being jdaced in this 
vessel, the water was raised to the boiling point, and then it was kept 
several honrs in vatmnm, 
The following table reeapitiilates these detenninationa : 
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It was my intention to bring these densities back again to zero, bnt 
tlie mil', it; lid I. V wliich prevails as to the value of the coefficients of dila- 
tjition of till' nii-tals, and the diflferences that they present according to 
the condition in which the metal is foiiiid, ritlier (vfi- or coiiiliiiii'd, have 
led me to give the nuinlMTS which liavr lirm itcilu<i-d hy e\|n'iirrn-rit. 

These rcsnlts verii;v the known fiict thitt rM[.|..T nini ini (-oiiti'ii.'t in 
uniting. Still, when the proportion of tin i« \cry great, the re\'cr8e 
seems to take plaee, but the dinerenee is very slight. It is au undoubted 
i^t that the contraction is very slight and regular up to the alloy Sn 
Cii* ; that from this point it increases suddenly till it reaches a maxi- 
mum, when the copper and tin are In tho relation of 3 to 1. The exist- 
ence of this maximum of contraction had been previously auiionnced by 
Calvert and Johnson," contrarj' to the opinion of other experimenters 
who lia<l maintained that the contraction increases with the proportion 
of tin.f 

The errors on this point, and the differences which exist between cer- 
tain numbers of Calvert and .fohuson, are explained by §§ IV and V, 
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and by tbe fai^t that former expe^rimenters, aad the atrle English uhem- 
istH Uiuiu selves, worked upon ingota aad not iipuii filings. 

To begin with the alloy Sn Ca^, the density Uixt diminishes and then 
inureases quite re^:ularly ; but the density of the alloys richer in copper, 
as catiuon bron^, is inferior to that of the alloy 8a Cn', which, bov- 
ever, enntains only 01.70 per cent, of copiwir. The curve shown in tbft 
followng tulile gives im ideii of these variations in density 



It will ]«' noticed that a great number of assays hare Ix-A-n nia^le ft 
thi^ alloy Sii Cu^ and that all are concordant ; tJiat the density of \\vt 
biir veii lies theresults obtained with matter in grain and in jiowiUt. Th< 
other ]iii)]ierties of this alloy are equally exceptional. While all t' 
pre*!eding have the gray hne of tin, and while those that follow an^wliiM 
or yellow, this alone is distingtiished by a bluish color. It cxhibil^ n" 
liquation, for after foiir successive fusions the la.st soliditii-il pi-oduct 
possessed the composition that it had immediately after the tiist ca ' 
ing. 

Consequently the alloy Sn Ou' is, in the series of alloy.s of copper ft 
tin, what the alloy Ag' Cn* is in the series of alloys of cop^ier aoU aT 
OM shown 1 by IjCvoI.* 

§111. HARDXESS. 

1 have tried various metliodH for eoinpariug the alloys of copper » 
tin in rosiieet to their hardness. None have given sullSciently satisf 
tory results to enable me to e\]>ress their relative hardness by numbCiM 
I finally made use of au .iiqiiinitus iinent^'d by an ingenious engineer d 

' AuHata dc Chim. (I dc I'hi/e., 'id nirie, t. xxsvi, p. Iil3. 
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Paris, M. Ma^a, an apparatus whicli, since my oxprrimcHts, has Weu 
used to test rails on an Bastem railroa<l. 

It consists of % veig:)it, which slides without sensible friction in au 
ij-on tal>e. where it can be mai:le to fall &om a variable and ileteriiiined 
height, rhis weight stiikes a punch of tampered steel, which rests upon 
the spec^imen to l>e tested. This specimen is flrinly fkstened npou a 
l)li>ck of steel attached to tlie tube and resting npou a block of woo<I. 

But very imperfect couparisons aiv obtained, because the same shock 
produces a considerable impression on a soft alloy, and a scaixiely obserr- 
able dint, which is very diflieult to measuro, on a hard alloy. If, to avoid 
this dilliculty, we strike a large number of blows, the metal haixlens, and 
from thirty to sixty blows produce only insignincant results. 

We cannot exi)ect to destroy the eB'eet of the compression by anneal- 
ing, because the depths of the impression produced are variable and the 
surfaces distorted, when tliey should be plane and parallel. Wo can, at 
most, compare by this means, as wo shall see farther on, only metals 
difl'ering but little in harduoHS. I can only say that the hardness deter- 
mined by this means iucrea^es tVom tin to the alloy containing copi>er and 
tin in the relation of equivaleut«. 

From this alloy up to that which corresiwnds to the formula Sn Cu* 
the metal is too brittle to be assayed. The hardness of the bronze of 
sonorous instruments is such, that the punch is not sensibly iiynred by 
100 successive shocks, or else it is shattered. 

Hardness diminishes from this alloy to copper. 

We will now examine particularly the cannon bronzes. 

§ IV, BRONZE USED IN MAKING SONOROUS INSTRUMENTS. 



100 

D'Arcet liaving proved that this bronze, nnlike steel, is softened by 
K^mjieriug and haidened by annealing, it was pi-oposed to determine 
the modification which its volume undergoes in tenii>eriug, annealing, 
tuid mechanical action. 

1. Alternate temperiitg and annealing. 

Ingots of this bronze were melt«d at a sufficiently liigb temperature in 
a rylmdiical iron ingot-mould. Solidification took pWic in a few sec- 
iinils. For the fusion, the eopiier was first he-ated alone in an eartheni 
i-nieihlc ; two or three pieces of coal were put into this vciisol to avoid 
oxydhcation. When the cop{>er was melted the tin was put in, and 
being wtined a little, it melted almost immediately. The ingots were cut 
!ind then careliilly tiled. As in all the following experiments the work 
was performed in the sitnie way, we will describe it once for all. 

The density was determined in all the experiments with two exact 
balances. That used for weighing in wat#r had been made (especially 
for that use at the laboratory of the mint. Boiliug water was usetl, and 
the ingots were suspended by a horse hair, the trifling weight of which 
(0*' 0.17 to O** 0.20) was deducted. 

The temperature at which most of the following determinations wore 
made necessarily varied, but for each series of experiments the temjwra- 
tore did not vary more than three degrees, the l»alances being placed in 
an isolated and very cool position. The weight of the 8i»eeimeuB was 
comi>aratively large, and varied frequently within the somewhat ex- 



^ 
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tpnded limits. In the first series of exi>erinients ea«ii ingot wclgheil 
from 8J> to !H) {,'ntmmes. Ttie Hpwimens to be tempered and iinn^td 
were plat-ud side by side in a sheet-iron box placed in anotlier of eawt- 
iron tilled with coal dross, and eovered with iv wist-iron plnte. When 
the metals were observably red, those which were to be tempired 
plunged into cool water, and the interior case again closed, rei^vwed 
with coal dross, and the whole left to cool slowly, the fire ticing covered 
with ashes. 

This was done in the evening, and the specimens were not taken oot 
again till the nest day, and then they were so warm that they oontd 
hardly be held in the hand. 

Tablk 5. 
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Table S. 

Bnmuat IB p«rMDt.i>rtlD. 



iX 



Ki*r. 



A bar of two kilogrammes was melted in order to obtain some TC 
homogeneoii.s matter, because in the preceding experiment, where II 
operationH had been carried on with only a little metal, the cooling hi 
been made tflo rapid by the addition of tin, and it was made very b 
before the tin was put in. Tlie bar was cut into Mtrips, and we ex{M!ii 
mented npon four of tbeiu. 

Tablk 7, 

6mii» at 31) per oent. of tin. 



AfMrtempciinii.. 
Art«ruo«]iD«... 

Aftot leniperlnK .. 
Attoruneallng... 
AruriiBK»Drluoi 
Anec lemp«rlug .. 
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H^ Table 7— Continued. 

Btaeallni 

^J-Hnu 

wtviPf>eKng ..-_-_ - 

•ritHBperlnff -,^--,--",,.. -,,,- , - — -^--^,-„..,..^ 

"T ■ircAD'l IflapFrlnjr ...... ._,...^ ^,,...- 

Et is evident from these three series of experiments that temiMiring 
^ents Roiiaideralily the density of bronze rich in tin, and that anneal- 
t evidently diminishes the density of tempered bronze. Still the effect 
slow cooling by no means destroys the effect of tempering, for the 
risity continues to inerease till it becomes remarkable. 
i. Alternate action of heat ofghock and of cmnprenmon. 
The four preiieding specimens were submitted to the action of the scjew- 
!ss, but as this bronze is brittle, it was merely compressed strongly 
the fxertions of six men^instead of giving it a sudden blow. The two 
upered pieces resisted. The two aunealed pieces were broken, giving, 
: one a, fragment weighing S0*'.33<>, and the other a fragment weigh- 
; fiJs'.&M. with which we woi'ked. Two samples were successively 
nealml ; two others successively tempered. The results are given in 
yellowing table : 
^ TADI.E 8. 
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Denaltj. 




itaBrttr. ' 


I. 


n. 

FrMPMt. 


IIL 

F~IU(r.l»T. 


,.£■». 


wronrrfMi™... 

ttl«oip.>Hn« .... 

Winn purine 

Tt.n.^Hni .... 


ism 

' si 

IS 

e.flsa 
aaoa 

0.101 


a TO 
a §40 

(LBM 
8 BUT 

(LITT 


AnnranDwUoc ... 
Anernn«Uii|t .. 

AftS^SSiSi"";: 

AfmrtlnHk 

ArierBDDxIliiK.... 


6191 
•8.7M 

a 7(0 

aiTB 
aTsa 
aiss 

ans 
a MB 
a an 

a»A 
•atMo 
aim 


aiw) 
taiM 

&SI4 

a MS 
aM« 


JSK'^"'.;:::. 


A ru-r ■nnfiEllBa ... 


e.est 




a.8» 


ARn ■nneallBg ... 


«,8<S 




GiiDladniuIt; 


aoii 



K]r»kii. ICrulu. Tlia Sns ure Hlod ofT. : Crack an tbeedKB. (Bmkt. 

prominent fact which is shown by these numbers is that the den- 
increased by mechanicnJ action, tampering, and annealing, in & 
oarkable degree. 

The increa.'te is greatest in the tempered specimens, 
t should be remembered that but limiteni confidence cffiU be place<l in 
ifig ures obtained for the annealed metal, because it cracks and splits 
9 edges, while it does not alter at all wlicu it has been tampered 
I H. Ex. 98 35 
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As it is stated in boohs that t«n]pering has the effect of diininishiiii 
the density of this bronze,* I examined this point very rarefiiUy, ut 
ma^le many other experiments, rar.^ing the eomiM>sition (from 18 to 33 
peruint. of tin), the fonn, and the weight of the specimens. All are 
couconlant, as is shown by the following table: 

Tabi^ 9. 
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BrentewmpBred 

































The thickness was reduced in these experiments from seventeen t> 
seven millimeters. 

Wlien this bronze is cooled slowly the experiments are less eonvincinjf 
because the metal breaks, or at least craeks easily, under shock. Hov 
ever, as my fli'st object in luidertaking this work was to clear up tl 
obscure phenomena of tempering, and as I enuut for thns clearing tl 
ap upon the variations of density, I made numerous experiments, b 
some compressing the material slightly, and in others preserving it fr ' 
sudden shock by an intervening body. 

I give here some of the results : 





Tablk 1(1. 
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Thus there is always an increase in density whether the bronzes ri 
in tin be tempered or slowly cooled after compression. 

These experiments confirm most clearly the fact affirme^l by D'Aioel 
that tempering softens the bronzes rich in tin, for we can flatten in tl 
press the tempered bronzes, while it is only exceptionally, or by ti ' " 
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spet^ial prerantions, that we ai-e able to subject them to the same me- 
ihanical action witUuut breaking thum wheu tliey liave b^n heated and 
«.-ooIed slowly. 

This feet, being the inverse of that which is observed with steel, led 
me to examine the nature of the variations which tlie density of steul 
undergoes when placed under the conditions described. 

3. Action of temftenng and annealing on steel. 

ICeaumur and Kimmaon admitted that the volume of tempered steel 
is greater by -^^- than that of steel which has not been teiiipei-ed. Kar- . 
sfcn, without absolutely contesting this opinion, does not consider it 
clearly demoustrated that steel diminishes in density by tempering. 
Colonel Caron, in his celebrated works on steel, has ahown that tenijiei- 
iug increasea the volume of steel. Thus, after thirty successive tem[)er- 
ings, the density which was 7.817 became 7.74;i,* and he concluded from 
bis researches that the effei;t of tempering might be likened to the eS'ect 
produced by the blow of a hammer on red-hot metal. 

The steel experimeute<l npou was of a very good quality nsed at the 
mint in Paris. The samples weighed from 130 to 150 grammes. 
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Tbns tempering produces on steel forged or annealed an inverse e8ect 
to that which it proihtces on bronzes rich in tin ; it dindnishes its den- 
sity instead of increasing it, from which it may be seen that temjiering 
diminishes the density of annealed steel and makes it hard, whde tem- 
pering increases the density of annealed bronze and makes it soft. 

4. Action of the prats ar of the roll, and of annealinff, on steel. 

Two stt-el plates which had been used in the preceding experiments 
were employed, 

Table 13. 
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As tlie variiitions in density recapitulated iii tt»? preceding table *» 1 
ven- slight, I tried to reuder them greatf r by pawing ainall hars of wdt- ■ 
aimeidtd steel under a steel roll. Tbe tollnwing table shown that if tba ■ 
rtsult* are in the same direction they are no more pronoiinred, uidtbflH 
esi)erimeiit is very noon terminated by the breaking (rf the metal. ■ 
Table 13. 1 




DB-rtlJ. fl 
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■t.fs 

■ 7.818 
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Tlie differences that bronze and steel present when alternately s 
tiPiih'd inid tempered are again encountered here, liut in a le>)H degnS 

lin>iize, it very slightly but still seu»ibl>' diminishes the density of a 
uealed steel, aud, on the whole, tempering and shock inerease the da 
sity of annealed bronze, wliile they diminish tlie density of aiiiie«li 
steel. 

But the variations ai-e very decided for bronze aud verj- sUght i 
steel. 

6. Bromee rich in tin. i 

Examining Table 12 we see that the density is by annealing broaid 
baek to what it was before tbe action of the press ; after five annealinf 
and four iwweiful blows of the press, thei-e was no sensible vjirinli)i 
aud consequently we see how a block of annealed steel siibniitted t 
compression in making coin, sustains twenty, thirty, an<l e\-en mm 
more annealings and shocks, without any apparent diHereuco in it 
work. Annealing restoi-es the metal to the condition in which Hn 
before the mechaiucal ti-eatnieiit. 

Immediately following the researches pnblished by D'Ai-cet in 181 
on tbe softening of the bronzes by temp'^riiig. experiment.-; wen- mt' 
iTi .liHei-eiit |ibice«. and i.arlirLibirl> at rKr-h' -Irs Art« >t MHirrn iit Cli 
Ions, on the tiinitams and .-ymbaK inslniiuciits tliat we did not tlie 
nianiitiietiire antl do not now in I'iiroiH-iin roiuifiies, Init whivhweobtdl 
tnnn China or fnini Turkey in Asia, and M. Maillard, heiwl of the foundf^ 
of the "fieole" at Ohalons, succeeded ta making some of a tumptfl 
alloy containing 

Copiier 8«-5),nn 

Tin 19.5P™- 

It was thought that tbi."! process was the same as that employed 1 
the Orientals, and this opinion is to day generally accepted amo 
chemists. 

Afterwanls. 8t. Jnlien advanced the opinion that the Chinese woHa 
the bronze reil bot,f but D'Arcet held that St. .lulien had been led i^ 
error, t because bronae greatly inci'eascs in density when heated, wfci 
the density of the Chinese instniments is very much less than tbat 
heated bronze, and fitrther. this bronze can be pnlverized at red bu&' 


• D'Arcet. IlHllrtin <h la SoHrti 0' Encoitrasmrnt, p. ft®, 1814. 
tSt. JulU-ti. Jnnn/™.(rrftfm. rMrPA.;..,!,. liv, p. 339, 1S33. 
iP'Arcet, JHiKifr. rf<' Chlm. ft dr I'hy,., t. liv. |i. 331, 1833. 
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In view of this contradictory testimony. I C4>nstilt«l the best instm- 
meut-Diakers of Paris, MM. Giiatrot and Lecomte, wlio a»ttured me thiit 
working tibis bi'oiize cold is impntcticable itidusttiaJly, even ntter t«inp 
pering, »nd J knew, on the other hand, tJiat M. Mnilhird ha<l encountered 
^'reat clitBculties in making these instruments, as great niiiubers of them 
were broken in the course of the work, and they are all tliicker tlian the 
Chinese instniment*. 

I anstlyzed at that time fragments of the real Chinese instruments, 
and 1 found 

Tin in IWI i>arts. 
2L».80 
21.20 
20.80 

I asccrtatiied the density of two good-sized specimens. It was — 

For one 8. !M)fl 

For the other «. 948 

I submitted to cherry-red heat some bronze containing 20 |)or cejit. of 
tin, ami I fimnd, aa I>'Arcet had shown, that tliis metal is reduced to 
powder by blows. I tlien sought to ascertain if tliis metal would not, 
like zinc, be malleable at the intermediate temperatures. About 100 to 
2(10 degrees it is brittle aa when cold or at a cherry-red heat, but at dark- 
red, and a little under that temperatui'e, it can be forged oa easily aa 
ji-oii or itluminium bronze. At these temperatures it flattens without 
breaking under the heaviest blows of the hammer; it is so easily tlat- 
t^'iied that it can, in some cases, be reduced from a thickness of 14 milli- 
D)ot«irH to that of I to 2 millimeters, and if the temperature be raised a 
little it becomes so soft that it can be wound upon itself by sohjeeting 
it repeateiily to uliglit shocks. ■ In a word, the work is thus doue with 
greater aceiu-acy and rapidity, and becomes, industrially speakiug, priKi- 
ticable. 

it remains to be considered whether the density approaches to that 
which is obtainml by cold hammeriug and to that of the Chinese metal. 

With this object the two tempered specimens which formed the sab- 
jcrt of Table 3 were heated red-hot, and the following results obtained : 
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The motal having l>een cold-beat^^n for a long time, I repeated these 
operations at a higher temperature with new metal. 

Tablk 15. 

Dmsilr. 

C:uil metal 8.7I"4 

('.■uit motsl aft.pr firat hmiiinutliin at ilark-re4 h«at 8. SKI 

Cant melal after wconil UainmerinK at <lark-red lieat 8.941 

Motjtl aft^-r third hamniBriuii at ilark-rml heat. -- 8,iM8 

Metal rtfti-r fourth hacami-'riuK aC dark-red hi^C •..• S. !M3 

Motal after fifih hamuieriug at dark-red huut 0,927 
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The ttiicknesB was rertaced firom six iiiilliRiet«rfi to one. 

Tile same exjieriiiients at high temi>eratiire were rejieated on Ihe 
mutulH containing from 18.5 to 21.5 of tin, wheu they liod been cast at 
a very liigh temperature. 

Table u;. 

DrMQ. 

BrniiEe nt 19.5 i>er i-mit. t.iu, iifter dasllug at a lii^Ii ti'iuporuture • '^'*i 

The same after ]inilougeil haiiiuerini; at darb-ri'd hv&t ,. i.( 

BronieBt 211 |>er peut. liii, aftiic cntiriiig at a high tempBrature i.\ 

Tbe BARio after pnilnit^uil haiiiiiii>riL]|; at (lurk-red heat >.', 

Brimxe at dl.5 per rent, i.iii, aFti>r cnatint; at a very high temperatitTi> &! 

Tllc Slime after piHilonci'iI hammering at dork-reil heat . t^' 



BmiiCD ai 



I'll at Tfii heat.. 



Tlio tliitkness was rwlneeil from (i millimeters to 1. 

Two I'iutw follow from these experiments: 

1st. \\ inking hot does not increase tiie density more than working at 
low tciii|HTntnre. 

I'll. Tl]i; metal attains this density verj- rapidly by the working hob 
and wit hunt dangei' of rupture; wliile cold tJie action is extremely slJgb 
anil very difficult. 

XI' 1 add that the Chinese tamtams bear traces of numerous h .^_ 

iugs, wUieh indicate that tbe metal was worked when it was softMril 
by heat, it will, I think, be admitted, as I stated when I publiahed tl 
results,* that the working cold is not canied on in China as D'A 
supposed, and that the metliod of fabrii'ntiim attenii)tt?d at rBnilc A 
Arlx-i. Metlrrsat Clialtms i.s Jtot the inrllL.id piartii-nl iu th« EajJt.l 
that the metal is w,iik.-.l Ih.-re hoi. aK St, .inM<-n di'rlan-d. 

Had theiv rciiiained any uuferlaiiily it wimld have been remm^M 
wlu'u. some days after the inililieation of these' reseai-chea, MM. St. Jub 
and riiiiiiipion publislie4 on their side a work in which M. Cliampk 
stated liiat he had seen this work iu China, and that tbe metalvi 
hi'iitcd.t 

M. Champiou*ud myself unite to introduce this desidenmim into tl 
industrial arts of European countries, and we have succeeded in makiag 
at the works of MM. Cailar and Guin, two tamtams, which have tbi 
e.xtenial chKrarteristics and the souoiimsnessof the Chinese iusb'niumtt 
l!ut wi- utilizcrl the favility with which I had observed this broiUB tl 
tiatlcii to sliorti'u tlic .i|icriiti.iii mid to diminish hand labor, byfil 
siil'jcctint; the ciist alloy, vi>r\ Iliii'k and ri>d hot, to the action of H 
rolling laili, which machinery, acconiing to M. Champion, is unknownl 
the Cliinese, and which, in every case, he ascertained by olMwrmtii 
was not employed by tliem- in reducing bronze for the nmnufaetun^ 
sonorous instriunents. 

§V. BROSZES LRSS RICH IX TIX APPROACHING CAXSOS 
BRONZE IN THKUl COMPOSITION. 

Cu = B4 to 88 
Su= 6 to 12 



Tlie Immzes were submitted to the same oijeratioua as the 
1. Tfinpered and anumleil alternuteltf. 
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Table 17. 
AUoyof^CnJio, 

Density, P s i7r. 800. 

empering 8. G2S 

iinealiDg •• 8.638 

L*mpering 8.6:24 

unealing 8.635 

emperiug 8.638 

Table 18. 

Gnn-bronze, *t 90 Ca ) ,An 
10 Sn 5 "" 



atin^ — 

mpering 

mealing; 

niperiDg 

inealio)( 

tupering 

mealing 

DO peri ng . 



Density. 



I. 

P=e9r.686. 



a.S64 
a 516 

a sw 

a 532 
a 536 

a52» 
asae 

a 526 



IL 
P=70«'.90a. 



a 677 
a 635 
a 643 
a 645 
a 648 
a 648 
a 643 
a 626 



IIL 
P=llSr.466. 



a684 
a 657 
a 670 

a 671 

a 674 
a 673 
a 676 
a6G4 



IT. 
P=104r.78a. 



a 491 

a 428 

a 431 

a 437 
a 434 
a 436 
a 436 
a436 



sting — 

nealicg 

mpering 

Dealing . 

mpering 

mealing.. 

mpering 



Density. 



P»69f.l9a 



a 541 
a 491 
a 495 
a504 
a 505 
a 479 



P = 119r.5a0. 



a 705 
a689 
a 684 
a692 
a 093 

a6.'si 
a 661 



Table 19. 



Bronze at 94 Cu > ^^yx 

6 Sn 5 ^ 

Density, P = 14ir. 830. 

aHting 8.537 

(Miipering 4 8. 4Jl 

unealiug .. 8.501 

eiiipcriug 8.502 

unealing 8. 507 

empering 8.505 



I* 



sting ... 
nealing. 
mpering 
Dealing, 
mpering 
mealing. 



Density. 



« *i 



tL 
P=158i'.516. 



a 519 
a 499 
a 491 
a496 
a 495 
8L496 



in. 

P = 76f.909. 



a807 

acM 

a 802 

a 804 
a809 



\ 
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These numbers show that the bronaes containing but little tin, (rascep. 
tible of being cold-hammered, or even flatteneni like gnu-brmuM!, do not 
increase in density when tcinpereil or annealed like the preceding. 

2. Annealed or tempered and rolled alternately. 

Table SO. 
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The metal was reduced from a thickness of ten millimeters to tbak' 
oue. 

Comparing these results with those given by the bronzes rich In tb 
Ve And that tempering and annealing give about the same inuroasQ i 
density, while the increase was much greater for the tempered metid ! 
the alloys rich in tin. 

These alloys seemed to be as easily worked after annealing as aflfll 
tempering 
An attempt was made to verify this last point by operating nndfll 
^ practical conditions ; that is to say, by reheating the metal in the sM 
^L working on bronze of 10 and bronze, of per cent, tin, whii^h was iiiM 
^H form of strips four millimeters wide. The mechanical action and bMl 
^1 were the same ; the only difference vm in the cooling ; while oue spadl 
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men was tempered when red hot. the other was Wl't out iu the air. The 
i't»j tilts are giYeu iu the t'ollowiug tiible : 



I 



Taalk 31. 
1. Bronze at Wper cent. tin. 



lintity. 

Afteraimpartoof theiirtxu .•. 8.687 

AfbPr onnr-aliiig B.roa 

ArtvrSiiup&vMoftbaprcns 8,905 

Afltrnnni-alinK 8.902 

Artt>r9r>impactB(and32 amieiiliugs) 8.930 

Aft*r oiuiPttlinK 8,»35 

Dcni>lt]-. 
II. 

An«r6impaclBof the pnws 8. 898 

Altdr tempering 8, 894 

After 9 impactn of the prem 8.904 

AftiiT tempnriuK . --- 8.897 

Aft^T9Sim|iHct4(32 teiQlieriuga) 8.904 

After teniptriug 8.90f> 

2. Bronze of 6 per cent. tin. 

Dronlty. 

in. 
p^w.ooa. 

After 6 impftita of the pn>8a 8.924 

Afl^T snneAling 8.923 

Aftor 9 imptu'ta of press 8.936 

Aft^r aiineitljug 8.928 

After 87 im)inet8 (19 aniiejllinga) 8.931 

After aniii-nliug 8.932 

Dmnttv. 

IV. 

P-t&p.2t2 

After 6 iinpactB of press 9,928 

Afl*r fi'iuperiug 8.924 

AfturB impacts of pnisB 8,989 

After tempering 8,923 

After 57 impacts < 19 tempcriogs) B.934 

After tempering - 8. 935 

The temi»eriii(!; and the annealing take pla«e in a sunilar manner, 
almost ideii tically tin? siuiie for bronze at fl per cent. tin. Thus the den- 
sity aftei- 72 blow(i*if the press, alternat'eil with 24 annealings, increases 
from 8.924 to 8.932, and by tempering, from 8.H28 to 8.a35. 

The workman observed no dilferenoes in the hardiness of the metal 
annealed or tempered, and the eaae of working He(!ured was the same. 

Two sheets of these bronzes were prepared, of a thickness of 15 millim- 
eters, and these were 8ubjecr«d to the ordinary oiierations of coining 
after they had been cut in two, care being taken to have one of these 
IKirte anne^Ued and the other temirered. When they had been reduced 
tti strips .5 centimes iti width, that is to say, 1 millimeter, the strips were 
cut and weighed. 

TAUI.B aa. 

1. Bronze at Hi per cent, tin, 

r- 

Weight of 15Ktri|u> after 3 temperiugB 76.90 

WeightofHstripaafturStomperingii 112.36 

Weight of 10 itrips after 3 temperingB 53.50 

Wnight of 15 Btrips after 3aaDealings i 77.27 

Wi'ighl of (i HtripB after 3 annealings 3'J, 07 

Weight of 10 atnpB after 3 annealings 54.70 
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2. Browse (rt 6 per cent. tin. 

Weifilil of V, slriii" afl.T 3 temprringa TS.ffl 

Wri^rlir ritii stri)iH :ili.r a tetaperinga 3B.U 

ViViiilK iii 111 -111 [IS iiliir :!iumporiHf[8 4&U 

Wi-iulii III 1.'. -.III]!- :iiiir ;) annealingii , 71W 

Weij-lil oli; -(n]i- .iti.r :S ailDoAlilltts 31.<9 

Waiglii ul lu siriji.T, iuui- ;(aiinenUngs 5H0 

No djft'fnsiicw was observed in working tL* alloys whether aimeal<Hl or 
tempered, and the weight of the auneiiled strips did not diflfer muterial); 
from that of the tempered ones. 

The director of the mint at Paris, M. Bijon, t« whom 1 also owe many 
thanks for all tJie facilities he procui-ed for me in the proseeiition of th«w, 
researches, assured me that no differences had been observed iu the 
working nntil at one time, work not being very urgent, the plates were 
left to cool in the air instead of being tempered in water. It is prefer- 
able to cool tlie bronze rapidly iu order tu diminish its oxydization, a 
esiK'ciiilly to detaeh the scales of oxide which ft>rm during the reheatiti| 
and which have the double inconvenience of soiling the rolls and a 
iijjiirinir the plates. 

3. Liquation in gun-bromes. 

Liini;Ltii)n is not so considerable as is generally supposed. The follotr- 
inji tiihle i-e capitulates some of the numerous analyses which were inftdfl 
of i-iiiiiion during the siege of Paris, with my colleague, M. Desnurais, at 
M. Tliiiihiiiiit's, and at Cailar & Gain's: 

111 tiilile 'H will be tbiind the analysis made by M. Droidn and myMl( 
on the ditfei'ent parts of the cannon CAst at the Eeote de» Arts et Metitn 
of Angers, for which I am indebted to the courtesy of M. Sous, uhitif ti 
the mill-vkTight shop of this establishment. 
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TaMI-E94, 

^h of the caDDon with iU Mnking h«Mkd 2.f>14 

u^h of the ainking bead 1,SA0 

The iiiner slia^iugs were takeii Ironi a cylinder of 65 millimeters tliaiii- 
eter haviug tlie same axis as Clie caunou. TUey nere tliurougkl^' wtuUted 
iu etlier. 
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Ca.1 
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11.165 
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t DsMriuIiiBil liy dltntrMim. 



"he part of the cannon which is in the axia of the piece, and which is 
't away hy the drill, is not hoinugencoiis, especially towaiil the Im^uch. 
Tstalline particles of gray tint wore found there, whicli heing supa- 
3 as careAiUy as pos.'iible gave upon analysis : 



it does not follow that the central parts are richer in tin. On the eou- 

y it has been shown by experiment tliikt the t-xU;rior is richer in tin 

1 the interior. This lusl l;tcl, MliirhcliMily IoIIiuvh from the prceeil- 

^tables, had been previously slnti'd hy ''iiIoticI Dnssanssoy, contrary 

^ttieopinion pre\ionsly hclil :il rjiinan rnumlrDi's. 

^*^e following tiiblc dot's nut iiiillrali' tlial tin* sinking head may have 
t of increiising the density of the pift^ a-s has also hcen sup- 



ftkeee rrom tke b^Hb. 
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4. Mnnu/mitire of medalx. 

Analysis of antique inedalH show^a that though the ancients aomettueis 
used copper for this puri>o.se, they ordinarily employed bronze In whi<^ 
the proportion of tin varied l>etweeu large limits (from 1 to 25 jiepueul.). 
The inannfaeture of medals with a bronze rich iu tin is not possible M 
the present day on account of its hiuylness, and because wfnsiderahlo 
relief is necesaary, while it was very slight in the medals of aatiqntls'. 
Bronze has been wholly given up in our own country and copper gtth»ti< 
tnted tor it, but copper also presents some serious iucouveuieJice& It 
rusts batlly, has no ring, its red tint is not artistic, and this is ouacealed: 
by an artificial bronzing which adheres poorly, and which causes di^r- 
eut medals to vary in tone. 

In 1838 M. de I'nymanrin made a large nuTnbernf expeiiinenta a 
continued them until 1832, afte-r which an alloy of 94 copper, i tin, mi 
2 zinc was adopted, of which from time to time medals were mauufiux 
t.nred until 1H47, at which time it was entirel,v given up on aciioiint of 
the hardness of the metal leading to a deterioration of the colu. The 
hardness of bronze increases in fact very rapidly with the proportion of 
tin, and the followinf; is the avei-age of many experiments with the a 
paratus described above : 



BruatB, with 9T parU onpper 
BriRiiv, with nfi part* nop par 
BroDis, vllh 9} psri* eapocr 
Btan», with HI pnrti qi>pp"r 
BruDia, with DO puu oitppsr . 



After these experiments various medals were struck at the mint I 
Paris, with different alloys in the onlinary working coniUtiona. li 
differences, which are unimporta<nt for medals less than 33 millimeten 
liecomemore noticeable when the dimensions attain to 50 millimeten; 
There were necessary in this latter ease — 



With pnre coiipor , . . 
WithbrouzeHHIi!!? 
. With bronze «iiti i'r! 
With brouzc wirli ['■• 
With bronze with il.'i 
Alloy or9S cop[)er. 4 
Alio; of 94 coppi^r, 4 




16 to la rompi 



Ppom which I conclude that bronze of »6 and 97 parte copper m^lt 
employed to groat a<ivantaKe and with no serious inconvenience in tti 
manufattture of modald. Its hardness, mucli less than that of the idlo^ 
of M. de Puymanrin, does not ranch excee*! that of copi>er j it posBeaaei 
a certain sonority aud casta well, rolls evenly, and its color is more »rti» 
tic than that of copper. 

The aetioii of tlie press and of heat modifies its density but little. 
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n. PUKE COPPEK, ITS PEKMEABILI 
Cojijier alloyed icUk iron. 


TY TO LIQUIDS. 



IQier pare copiwr which had been used in the preceding experiments 
'ety flue copi)er iu |>lates, such as is used in the mint at Paris for 
dog metlala, was einployi-d. 
Tempered and annealed alter nntel if. 



p=ioi».sei. p=iooc8« 






e.eM 
aas3 

s.§ai 

fL58S 
H.781 



&840 

e.e40 



DlBlllllUbHI .. 



^H/i«frb^r^ or tempered and rolled alternately. 
Tablk 28. 



Deniiitr, 




EHi 

rolled 8. B77 

mnc-aled B.767f«e.770 

rolled 8,831 

[wr annealed 8.7.11 toS.7SS 

[lorRilW 8, BS5 

pnr auuniil(!d 0.758 

per roUcil %.m* 

oetBuacnlpd 8.744 to 6. 755 

t 

pte tolled , am* 

per teuipercil 8, 7*1 to 8. 701 

per roJW 8.841 

l»r teinpuKd B.Slfi 

|t«r roUnd 8.850 

|BI temiionul 8.8 — 

■K rolled 8.8 

Htempered „ 8.8 
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These esi>6riment8 show tlmt, heat cousulerably lessens tliP <l«iiat7 of 
copiier, for wen after rejiKited rolling wliicli reduced the thiuknuu of 
the Hlieet from !) millimeters to 1""".5, tlie deusity dimiaiuhed jr^vutJ;^. 

3. Pnroitify of copper ; it» permeability to liqaidfi. 

It will be notit'ed that in the pret^ding tiible, the density after an 
Dealing and tempering was represented by several different uoinbrn. 
The tM)pj>er gains in weight by remmuiug even for li little while inWilltti 
vhen it has been hea.t«d either in the midst of coal dross, or in the emptj 
bffx aurrouuded by coal dross. 

Every one who has worked or handled copjier has noticed t^at it 
almost always contains Uttle carities, and founders know that it ia retj 
dilficnlt to obtain a really sound eiLsting of this metal. 

Marchand and Scheerer attribute this to the osygeu contnined in ftl 
copper, which is disengaged at the moment of solidification by a jdia- 
nomenon analogous to that which produces the spitting of silvur. 

Permeability is not due to this cause alone, for rolled copper whieii i 
not at all porons, becomes so wheJi reheated in the midst of iroal, or in 
box surrounded with coal. It depends on varions other ejMuics, ant 
e8i»eciaUy on the fact that cast copper, even after it lias been melted is 
the presence of carl>on, cnntiiins a suiaU quantity of oxide which hot 
been produced by the a<^^tion of the hejit at the temperature for am 
ing. 





oopper. 


Imiii ml J 

s.arl 




llbo»«nTTO 




n.tm 

TS.MI 


is. 1 






Afi«riilhi>sl>D<i»ll>iRl<ia 







This increase of weight is due to a simple absorption of the liquid inl 
the metal, for it takes place with very different liipiids, and the 
by simply being expo*d to the air, returns to it« oii,;inal weight. 

Tm»[.f 30. 

Weight of BHUiniilenroopiiPT _. IDLI 

Woigbt of thiN siLiupli* afttr two days in water 101.1 

Weight of thissttiuple after two days io ilry air lOLI 

Weigbt nf thiaaamplB after two days in beodne 101.1 

Weightof thiB sample after IwodajB in dry air HL.1 

Weight of MiiB sample after two daya in water UJT 

Weiglit of this sample after two da.vB in dry sir lOt,1 

Wei;{iit of this ttample after one annealing m coal IM.! 

Weight of IhJB sample of copper after two days iu water 101,1 

Woight of same after two days in ilry nir lOL. 

The copper attained this porosity in rolling. 
Table 31. 
Copper melted, then oast at a loic temperature. 

Weight in the air T&i 

Weight atlar one day in water . . .... . . 78.1 

Weight ofter ouo day in air 78.^ 

Weight after rolling 7ft ( 

Wi'ight after three daya in benzine . ................ T&i 
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Copper melteil, then ciist at a very tiiyU tempenihui?, iJoes not i>osse«8 
this permeahilitii'. 



Tlie dpnsity of tliis sample r.suit at a high temperature was 8.939, while 
thi- lienaity of the sample nast at a low temperature — of the prectMling 
t:ible — was only 8,039. Tliis explaius the differences which may w 
I'.uiiid in the various works upon the density of melted copper. Aocord- 
iiig to Marchand and Scheerer" these densities may varj' from T.iliO to 
s.itui. We liare just indieated a superior number to this last, 8.939, The 
lowest limit given above is never obtained in ordinary circumstuucus. 
(ii'uerally this density flnctuates between 8.0 and 8.81. 

4. This porosity does not exist wh«i tlie cop|>er is reheatetl in (he 
air, that is to say, in th^ ordinary conditions under which this metal is 
worked in the niaimfa<^!ture of medals. 





DeMlly. 
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P=S1I'.1»3. 
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n. 
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Wliile annealing and tempering considerably lessen the density of 
copper when not esposed to the air dnriTig the oi>erations (Table 27), 
these same processes <lo not materially modify the condition of this 
metal when it is ex|ioHed to the air while working it. 

Meekaniatl action an^l action of heat alternately, on eo^er lieatal irhile 
exponed to tke air. 

• Percy, Alelaltargie, t. v, p. 67. 
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Tablr 33, 



Oitt>p«rrtiMetL ,.._. 

Cfliiparml M 

Clipper Mm pBTvd -> 

CnppsrrsUwl 

Ciippsr Mniiicrsd ., 

G-ipppT rolisd 

CopTwr ti^ni pvT^ 
DlnilDntiun of ilent 



Cnplior mllnr! 

C»ppt<r i^l*^ ..-.--, ^ -..- .--,,-^^..., -,-,.- 

CeppH- rolled 

fnppBrBTiiiHlsd 

C..pi«r nillBrt 

ciirp»rrc.ii«i .^^y/.iy.y,i'.y.y/.y///."/.ii"/////".y.y^\'."'.'. 

C >pp«-iHinr*l«>l - — . 

DlmlnuU..!. of dciuUy 

Tbese plateH were re<liic«d from a thicknesa of !) miUinieters to tiu 
of 1 luiUiiueter under tlie aatner conrlitions. Compaiiiig tliede tmqII 
with those of Table 28, which roiitaiiiH the resulta ohtaineii when " 



mplete coutr 
«i>lI tliti (leusitf in 



I the air U| 



copier was iiot exposed to the siir while hfiitiiig, : 
was shown. While auneH]i]i<; ituil tniiiicriii^ in 
the first case, they diiniuiBhoil ii in rli.' sfi-urul. 

Another very striking fact wlicn tiu' pii'w iw i 
that the increase of density resulting from tlie h>> 
l>enflated by the tampering, so tUiit the plat<i, ;i!'li r hviw^ inaib- coiitudr 
ei'iibly thinner, is fomid to have the same density a- lulnif tin' i>[ii>i-ntioiL 
By aniieaUng, the miiforinity becomes less, ami iln' iliiifiity matprialtf 
diminishes. I stnick a copper medal at the workshop of tin- nuitt, Hr^ 
metal being ex)H)se<l to the air during the reheating, and tlie lem] 
wei* as follows i 

Tablr 34. 

Copper meflal in strong rclip/. 

Strip rall^l " a.i 

Strip aftiT the flrat pads &g 

Strip after tlie Unit tomporlng 8.1 

Strip aflar tha aecoml pass B,f 

Strip afMr the secntiil t4<inpering (tl 

Strip Bfter thd tbinl piMB S>S 

Strip after the tliirii teDijwriug Dj 



- On the whole, copimr exposed to the air during heating, t«inp<n 
and then struck in tlic press, shows the same etfeets as st^l unama 
and struck. (Table S.) 



Ftbe 
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The density of l>otli ilimiiiisbes when tln?y an? subjivt^d to mwbani- 
cal action. Heat restores them seiisibly U> tlieir original Toliiue, so 
that we ran see bow they may Ije prHcticaH,v emiiloyeil with wlvautage 
ill making coins an<i metialn. 

The opposite results given by copper exposed to the air daring heating 
and protectwl from the air (Tables li8 and 33), exhibit the contradictory 
effects of the experiments of O'Neil and of Marehand and Scheerer," in 
which the former obtained a diminution of density by compression, 
while the others showed a sensible increase. 

CopiHT, in these annealings in the air, oxidizes strongly. In fact 
the four samples which were the subject of Table 32, were heated red 
hot in the midst of coal dast twice in the course of four or five hours. 

Their weights which were — 

No. 1,76.100, liecame 75,977 0,183 

No. 2,69.537, beuBmB 69.488 0.049 

No. 3,75.851. iMiCftmu 75.760 O.OSH 

No. 4, 6:^.078, became 1)8.025 0.053 

And this quantity of oxygen is a minimam. The metal after thia reduc- 
tion became again permeable to liquids. 

5. The addition to copper of small qnantities of foreign matter, iron, 
for example, increases the porosity, as do small quantities of oxygen. 
The copper acquires tenacity and elaBticitj by this adjunction of iron, 
while retaining a certain malleability. 

The question has often been raised as to whether copper allies itself 
to iron, t give here the results of my experiments on tlus point. 
Ist. We heated in a temperature sufficient to melt cast iron — 

Copper 90 

Cast iron 10 

The ingot obtained contained, at its highest part, iron niicombined, 
2d. We heated very hot and held some time in fiision — 

Copper 90 

Kivets 10 

Tlie ingot obtained furnished upon analysis — 

Top 1,600 iron. 

Bottom 365 iron. 

3d. We lieated very hot and kept melted some time — 

Copi»er 96 

Rivets 6 

Tlie metal api)eared very homogeneous. Its density, taken at two 
different jwints, gave — 

8.881 
8.876 
The matter is easily forged, stretches and («)ila u])on itself. It rolls 
with such facility that without annealing a bar of it can he reduced trom 
a thickness of 9 millimeters to that of 1 millimeter. Its leuiicity ex- 
ceeds that of copi>er. 

Examining with a m signifying- glass the plates 1 millimeter in thick- 
ness mentioned above, gray si>ots may be seen at certain i>oints, bat 
analysis of these points shows no material difference between them and 
other portions. There was found — 

Iron 5.383 5.285 5.236 

This substance made veiy hot in the crucible gives a button in which 
there remains only — 

Iron 0.167 per cent, 

* Percy, Metallurgie, t. v, pp. 69 and Ti. 
H. Ex. 98 86 
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4tli. These two metals were alloyed in Tariable proi>ortioiis, mdted in 
vearthen tubes 15 oentiineters in lengthy and after being kept three horn 
in fusion, were left to cool slowly. 







IraB,.VWOBii6. 






T»pof bar. 


'BottOBof Imet. -Darilf. 


1 


19.693 
9.900 
6.876 
4.619 
4.996 
S.950 


4.545 

a680 
9L699 
4.680 
4.988 
8.600 


a8»tMin 


51 




3 




4 




5 


4M 


6 









The length of the ingot was from 6 to 8 centimeters. The metdl ob- 
taining 4.5 per cent, of iron appearing homogeneous^ some experimeato 
were made upon it comparable to those which were made on copper. 



n«ui^. 

X 



Table 35. 



Melted metal 9.W 

Metal after tempering 8.9H 

Metal after rolling aSBI 

Metal after tempcriug ' • a98 

Metal after rolling S.9S 

Metal after temi)ering 8.881 

Metal after rolling 8.8B 

Metal after tempering 8.W 

U. 

P-.89P.481. 

Metal afttT rolling 8.891 

Metal after annealing 8.894 

Metal after rolling 8.8M 

Metal after annealing 8.8W 

Metal after rolling 8.896 

Metal after annealing 8.894 

Ferrous co])i>er lutts, tlien, like copper exposed to the air during re- 
heating, or like steel. The action of heat alternating with the roUing 
restores it evidently to the same volume. 

The feiTugiuous copper is not permeable to liquids. This metal isnot, 
however, a homogeneous alloy, for after being reheated at a very high 
temperature for three hours and a half, the solidified ingot gave upon 
analysis — 

Top. ■ Button. 
Iron, per cent 6.50 '4.00 

However, ius it had shown a tenacity incomparably greater than that 
of copx>er, the following experiments were made with a ^aew to determiB- 
ing the mecihanical properties : 




TESTS OF METALS. 
Tablk 31i. 
nillinifreri correepoiidiiig to loads in kUogram*. 
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Copper and iron, rolled 
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lied becaaae a b1»*bola waa tormed 
■ The broken section preneiiu tilatholss. 
; Al 1,800 ViloKrama one lag nf the pte«e wM broken. 
iTUo aainplB broke without the two pieCM bBiug entirely Beparaled. 

Unn. •UChim.tl at rhut^i line. L-fO, Soy., ien.i».t , , .. , 

OnEHVATilH—The melted copper (Noi. 1. a. 4) oonUlpa blowhole* wblcli daitroy 
«toBi(Me*tmdmlil[h«lo*ta,andbroaka.Bl»o,OBderaaIiuiUload. The ooppat 

aroUlBg. While the realeUnae of melted ooppor le from 10 M la ktlugraL. 
( of tbe ume copper atlatna, bv rolUnc 99 Vi 18 klioKramii. The duclllit^* 
H.U. h«nm.« DO loojcer OTldeDt Doder loadi of 1,«» kllDicnuna. 
. .. .. ._._ ,_._ ... srleada to gts»6 cliang< 



tanaoilT. It 
rDalalaoaet^ 

per aqnare miUlmMar, 

^banicol proper^M of Ou 



let. If the metal btu b«a ■Impli' melted, 
eJipeciall; nben tba nnantily of iron oiaw. 
wbleb- b]? mlllPK, haa been redored te half it 

M. tribe mcUl bMbwn rolled Ita dnatillty 
to 40 kilogram a per aqunri: nilllimelor. 
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These experiments were made on bars of 2 kilograms weight prepared 
and cast with care, then cut and worked so as to give them the follow- 
ing form : 

In order to <letennine the resistance*, this piece was 
firmly fastened to the building by an ircm fork fitted to 
A. Another fork placed in B was fixed to a bar fonh- 
ing a lever, at the other end of which was placed a taUe 
on which were the weights. The experiments woo 
made at the works of Gnifi'enstaden under the direc- 
tion of M. Brauer. 

This great strength of coi)per containing iron should 
not.be attributed to the density of the material, for the 
alloyeil copper which presented the greatest resistance 
ha<l a density of 8.891 ; that is to say, less than that of 
l)ure rolled copper, which was 8.1)04. 

With the exception of the metal bearing the nmnbeni 
1 and 2, all these samples were melted with the same 
copixT, rolled to the same jwint by the same workman, 
and, in short, treated in i>recisely the same way. 

The hardness of coi)per melte<l, rolled, and alloyed 
with iron presents <litt'en*nces of the same sort. We 
give here the results which were obtained with the 
Magna ai>i>aratus. 

Depth of the impressions i)ro<luced by the same 
blow : 



I 
I 



o- 



Copper melted 3^ 

Copper rolled 1.50 

Copper alloye<l with 3 ]M'r cent, of ojist iron 1.10 

Coi>per alloyed with 3 per cent, of rolled iron 0.90 

Up(Mi the whole, the inrnMluction of trifling <iuantities of iron into the 
co[>])cr destroys its gn*at softness and porosity, and considerably iu- 
creast*s its tenacity and hanlness, without de.stroying its malleability. 

M. HobicMTc, in or<lcr to obtain some idea of the resistanee of ditt'erent 
metals to corrosion, pluii^'ed some into water containing alum, sidt, and 
cream of tartar. 1 phhMMl in tliis li([ui<l two ]dates of equal dimensions, 
one of pare copjM'r, the otlirr of eoppi'r aHoyed with 1* pi»r cent, of iron. 
The cojn>er i)hite was uiVettrd mon' <|iiickly than the t>ther. and e<i»e- 
cially was the jMirtioii oi(n|HM-r dissolved very strong. 

The Ii«iuor oldaiiie«l with t'rrroiis <'oj>]M'r is ure<*n insteatl of blue. 

At the end of ti\e days, in <)|K*ratiii.ii- upon two plates of the .smie 
si/e, wei;:hin,Li* alnuit 1.") ;^iammes, the j>hite <d<*opper was found to have 
lost thit't* d('ri;;rams nn»ir than the plate of lerrons copper. 

§VJI. ALLOYS OF COPPKll AND ZIXC. 

The zinc whi< h I ust'd had be<*n ])nrilied by two distillations in the 
laboratory of the *• *s'of /(7t' <lv hi ViviUcMoiiUtijnc," which geneixmsly placed 
it at my disposal. f . -? 

J iui<lert(K»k tlie stmly of the vaiious jdiysical proj^erties of these 
bodies, as J di<l of the alk»ys (d* copper and tin, but I was obli^jetl to 
^ive up the examinatitm of the fusibility an<l liquation, l>ecause the 
])lace where I had specially prepared for this work at the mint was not 
left at my dis])osal. 

1 have nothing special to say on the subject of their hardness ; it in- 
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ereases from the alloy 90 of copper to that which contains equal weights 
of copper and of zinc, Zn Cu. 

The alloy Zn? Cu* and the alloy Zn* Cu are extremely fragile and 
break at the first shock of the apparatus described before," and the oth- 
ers, containing more zinc, crack after a few blows. 

The density was deteiinined, first, of some ingots weighing from 60 to 
100 grammes, then, on account of the gi'eatly differing texture of the^se 
alloys, filings of them were operated upon with the gi'catest possible 
care. But it is difficult even by a sustained lacuum to eluniiiate all the 
bubbles of air, and I was afmid to heat the tilings several times in 
water in order to secure the expulsion of the air, because water is attacked 
by zinc and the alloys rich in this metal; and, lastly, the volatility of 
zinc makes it difficult to i>repare the alloys in exactly atomic proportions. 

I give here, with these reservations, the results obtained : 

Table 37. 



I 

s 

I 

I 



8. 
II 

I 

s 



a 
o 



B 

8 
-a 

9 
O 



Experimental deD* 
eity powder. 



I 



Zii«Ca.. 
Zn^Cn.. 

Zn'Ca.. 
Zn> Ca> 

Zn Ca . 

Zd« Cu» 
Zn Cu». 
Zn Cu-*. 
ZnCQ«. 

Zn Cu'" 

Copper. 
Zluc . . . 



Ica 3i«6>: ^^'^ 

JZn 60.73^ gg^ 

{ Cu 39. 87 > ^ '^ 

I C Zn 50. 76 ^ . « 3^ 

i Cu 49. 23 > *'"• '**' 

CZn 40.74? .^ ,« 

> Cu 59. 26 > "*"• "' 

5 Zn 34. 02 } „ . ^,> 

'JCu 65. Wi 34.50 

S An 20. 49 < 21 j^O 

, iCu 79.51> ^^'^^ 

i|Zii 14. C6/ J. „. 

^ Zn i>. 3.-. > „ .. 

■ ^Cii 90.i;3> *'•'■" 



Average. 
i 7. 383-7. 248 7. 315 

I 7. 920-7. 807 7. 863 

I C a 015-8. 075 \ a nAi 

{8.oia-ao90 5 " 



( 

< 9. 352-8. 2(51 } ^ oni 

{8.301-tJ.374 5 ^'^^* 

8. 389-!?. 2fi8 8.329 • 

8. 3M-8. 430 8. 300 ' 

H. .1?,"i-e. 349 8. 3G7 . 

?. 73'»-f . 420 8. 584 



3 
Si 



7.399 
7.215 

7.796 



l?:Sitl-^}«-«' ^-o^-" 



8.263 

8.412 
8.410 
8. G38 
8.710 
8.753 



a 
« 



a 

-a 



I 



7.351 
7.478 

7.679 
7.783 

7.947 ' 

8.119 

8.345 

S.489 

' 8.«»-J 



\ 



Material gray, like zinc 

5 Material fjay, like ) 

1 1 fibrous. 5 

{ I Metal of the tint of 

' < antimony, pulver- 

i izable. 

Brilliant metal, re- ) 

aemblinjx bismuth; \ 

less fras^ile than ( 

the preceding. J 

Material with lonf^S 

- fibers of a beaut i- [> 

( ful golden yellow. ) 

5 Less yellow than tbe I 

( I)rcecding. > ; 

< Bin»H. ortlinary yel- ( 

( low coppei-. 3 



i 



ft. mK 



'3^ 






1.75—. 
Breaks. 



Do. 



To. 



1. 40'"« 



2.30 



do. 



3. 1.5 



*.70: 



< Siibstnucp' re'<em- ) 
i l>liii^;;oliI: siinilar. ji : 



3. CO 

2. r.o 

3. i:> 



We see bv ('Xiuiiiiiin;: this tabh* tliat thi» oontiiU-tion of the two met- 
als ill tht\'<e alloys i.s coiisMU'rable from the .second to tlu» sixth ; it s(M*ms 
to be at its maximum in the iieij;:hborhood of the alloy Zii^ Cu^ Avhich i.s 
also remarkable like the inecedinj;: one in tliat it iK)s.sesso.s iioiie of the 
physical and iiieehaiiiral ] properties whieh are utilized in the metals. 
They are eminently crystalluie and fragile, and ai>pear to be in the 
series of these alloys what the alloys Su Cu^ and Sn Cu* are in the alloys 
of copi)er and tin. The theoretical density has been calculated with the 
number 7.20 that I found to be the average of four concordant determi- 
nations on metallic zinc. Afterward the iiction that tenii)ering, anneal- 
ing, and rolling exert on the inincipal brasses utilized in manufactiue 
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mm determined ; a, yellow brass contakring 65 parts oofyper and 35 zioe; 
by metal of 97 parts copper and 9 zinc. 

1. AUemate tempenng and afmeaUng^ 

a» Brass. 

Table 38. 



After rdHiDS.... 
After uiDeuiBK. 
After tempering 
After annealing. 
After tempering 
After annealing 



Denltr. 



L 
77f.07l. 



8.407 

a4oe 
a4t2 

6.405 
8.417 
8.410 



IL 
>8iP.57l. 



&4tS 
&415 
a 413 
a41d 

a 414 



Density. 



After rolling 

After tempering 
After annealing. 
After tempering 
After annealing. 
After tempering 



nr. 


IV. 


P»80r.78S. 


P»80r.ni 


a 409 


a4t7 


8.406 


a 411 

i4Q0 


a 401 


a 417 


a 413 


a 407 


a 411 


a 431 


a434 



b. Similar. 



Table 30. 



Density. 



I. 
P=93r.588w 



After rolling 

After tmnpering 
After annealing. 
After tempering 
After annealing 
After tempering 



n. 



aeis 


a 817 


a 814 


a 819 


a 813 


a 814 


adia 


a8U 


a 813 


a 815 


a 814 


a 814 



I 



After rolling 

After anneoliBg 
After tempering. 
After annealing. 
After tempering 
After anbealin^. 



Densifj. 



m. 




IV. 


P = 94^.805. 


p 


= 92P.902. 


a 818 




a 818 


a 813 




a 817 


a 812 




a 816 


a 810 




asis 


a 814 




a 813 


a 815 




a 819 



Thus temi^ering increases the density of annealed brass, a. These two 
operations do not cause any ap])arent moditications in the volume of ft. 
2. Alternate annealing or tempering ayid rolling, 
a. Brass. 




e.4oe 




































e.4si 


e-uo 



AftarnlltDe.... 

AfMrralllDE.-.. 
After unpariDg 

After roUlnK 

After MtDpe ling 
After folUBK.... 
After leniperlDg 

Attet MmiMriUR 



Dendt,. 




, 






P=Wi',948. 


*■ 


-tw.xs. 
























































9. en 




e.Bis 



7" I" 



AAmTelUne 

Asttr wiw'.lf.:: 

AAn moDeftllDS .. 

After TSUIng 

After unM^lDg.. 

Alter nniBs 

Alter UBeJtnit.. 
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In these cxpeiiments the thickness was re<luced from 20 milhmetm 
to 2. It is shown by these numbers that the density of brass is dimin- 
ished by annealing while it is increased by roUing, and that the denMty 
after a long series of operations varies but little. The density is increased 
still more by temi)ering. It is said by the exi>erienced that annealing is 
preferable to tem][)ering in working with brass. 

Metal b (similar) shows no material variation in its volume after these 
])ix)longed operations, and after a considerable thinning. The same 
tiling is true in regard to aluminium bronze, which, like the metal i, it 
capable of being worked to a remarkable degree. 

§ YIII. BRONZES OF ALUMINIUM. 

Allay of copper and niclceL 

The bronzes came from P. Mouri & Go's. 
Ist a. Bronze with 10 per cent of aluminium. 

Table 42. 



Deoaitiy. 





P = 190^.968. 


P=19Sr.f& 




7.705 
7.706 


7.7M 




7.1M 




7.706 
7.707 
7.703 
7.703 
7.701 
7.699 


Tin 




7.WT 




7.704 




7.7W 




7.708 




7.703 



After cMting 

After tempering 

After anneAliDK 

A fler tempering 

After uinealiDg 

After impaot 

.A fter tempering , 

A f ter Impaot 

h. Bronze with o jyer cent ofalnnwiium. 

Table 43. 



After casting ... 
After tempering 
After annealing. 
After tempering 
After annealing. 
After impaet — 
After tempering 
After impact.... 



Denalty. 




I. 




n. 


P = lSe9l^575. 


p= 


= li9r.lii. 


1 

asss 




aaa 


&259 




asss 


8.855 




a9B9 


a«57 




a86i 


a 857 




aw 


! H.W4 




a964 


a963 




a364 


aS63 




a265 



Tempering, annealing, and mechanical action produce no noticeable 
variation in the volume of these alloys, of which the working is very 
regular. 

2d. Alloy of copper 50, zinc 30, ni<iJiel 20, used in the manufacture ofcei^ 
for the Honduras. 
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Table 44. 



oMting ... 
tompuing 
nmeftling. 
'tompering 
•noealing. 



Density. 



P = 



I. 
99r.l75. 



8.539 
8.599 
a 524 
8.509 
&510 



IL 

PsrrSSi'.TSO. 



a539 
&5S4 
8.590 
a 504 
a504 



Density. 

ni. 

After casting 8.505 

After striking 8.586 

After annealing 8.556 

After strikini^ 8.589 

After tempering 8.577 

After Btriking 8.589 

Density which is increased by mechanical action is diminished by the 
action of heat. 

§rX. SOFT mOX.— CAST mON.— GLASS. 

let. Soft iron. — The metal was of good iron having the form of a par- 
alleloxriped. It was heated in a porcelain tube in the midst of a current 
of dry hydrogen. The annealing continued for two or three hoars. 

Table 45. 



Density. 



I. 
P = 75«M10. 



n. 

P = 54»'.990. 



After filing 

▲ItfOT ftonealing 

Alter tempering 

Alter annealing 

After impact 

After annealing 

Alter impact 

Alter annealing 

After impact 

Alter rapeated impact 



7.esa 

7.853 
7.8S8 
7.854 
7.845 
7.845 
7.842 
7.841 
7.843 
7.844 



7.849 
7.850 
7.845 
7.849 
7.849 
7.845 

7.eU 

7.841 
7.844 
7.847 



After fliinfc 

Alter tempering 

After aneeaHng 

AftwteeqMring 

After impaet 

Altar aaaeeUng 

After impeot 

Alter anaeaUng 

After Impaot. 

Alter repealed impact 



Density. 



IIL 
P = 75r.iio. 



IV. 

:54r.990. 



7.85,1 
7.846 

r&a 

7.850 
7.847 
7.846 
7.84S 
7.843 
7.847 
7.846 



7.859 
7.848 
7.853 
7.851 
7.847 
7.846 
7.844 
7.844 
7.848 
7.850 
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2d^ Gray cast iron — its permeoMlitg to liquids. — ^It was impossible to 
determine the variations in volume which gray cast iron undergoes when 
tem])ered or annealed, l:>ec2iuse it is permeable to liquids. This porosity 
is very great, whether the metal be heated in coal dust or exposed to tte 
air during the operation. 

a. Cast ii'on reheate<l in coal : 





Table 46. 












Deiuitj. 




I. 


II. 


111. 


17. 


Aftw Minf alinir ................... 




7.0» 
7. 095 
6.844 


7.096 
7.040 
6.914 


7.114 
7.039 
&»33 


7.181 


Aftw t4MnDflrioff 


7.011 


A ftw anoMling 


6.114 







My attention having been called to the great diminution in density, I 
^weighed the samples, and ascertained that their weights increase con- 
siderably in water under the ordinary pressure. Thus they weighed— 



Gr. 

After the preceding annealing 75. 512 

And after 20 miuuteit in water 75. 585 



Gain in weight 0.073 



Or. 

75.668 
75.770 

0.102 



Gr. Gr 

70.191 73.134 

70.265 Not weiglied. 



0.074 



The following table shows that this increase in weight takes place 
with non-oxygenized liquids Uke benzine, and that it is due simply to tto 
absorption of the liquid, for by merely oeing exposed to the air ca8^ 
iron regains its original weight. 



Table 47. 



Gr. 



Weight of a sample of fine gray Hteel annealed in coal 64. 937 

Weight of this sample aft<er 20 hourB^ immersion in l>enzine .... 65. 018 

'Weight of this sampU* after 24 honrs in the air 64. 940 

Weight of this sample after a second annealing of 3 hourn 64. 996 

Weight of this sample after 3 honrs' immersion in henziue 65. 110 

Weaght of this sample after 24 hours in the air 65. 001 

Wei^t of this sample after a third annealing of 3 hours 65. 100 

Weight of this sample after 20 hours' immersion in benzine .... 65. 275 

Weight of i\iiii sample after 24 hours in the air 65. 103 



Gtiin in w«ifbt 
of tbeliqaii 



0.081 



0.114 



0. 175 



Cast iron, known to be porous, was filed to a thickness of 1 millime 
ter crer the whole surface, then immersed in benzine. The i>ermeabiiity 
was restored in the inner layers. 

A third series of experiments was made in order to determine the 

eBifM!t of annealing and tempering on this i>orosity, and the results are 

tere given : 

Tabijs 48. 



Gr. 



WVight of a sample of tempered cast iron 70. 215 

Wt'ight of a samxde after a half hour iu benzine 70. 270 

Weight of a sample after 48 hours in the air 70.214 

Wei^tof a sample after 24 hours in benzine 70.311 






O.065 
O.095 
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"i^ . ialil. of u Miiiipl« aftiTJ^- hours in lUf air 7l).2ie 

it wos tlmronffhlv aiiiienlpcl. 

Weiglil in the ttir 70.304 

"Wei jht iiftt-r ISboiireiiibi-nziup 7". 3% 

■Weight af(*>r*?ln)Hre ill till) air 70. 3(W 

"WMtjLt of a Hikuiplo of annealed c.iat iron 7Ci.7BM 

"WcigLtof Biinie after half au hiiur in Iwiizinr 75,8a0 

"Weight of same after 4S houiw in air 75.735 

■Weight of 8.tme after 24 faoufH iu lic>n>;ini> 75. »75 

"Weight of same after 48 hours in air 75.7:g 

It wiw tempered haul. 

Weijjhtin theuir 75.761 

We-iitht after IS hoars in l*ii?,iu« - 75.H9a 

Wt'iKlit after 4N Uoiii'B iu ait 75.75S 

h. Ca»t iron reheated in a crucible piaeed in the nuiffie. 



Tahi 



. 41}. 



We^ht of thin samiile afttrr 20 hours' immeTBion in benzine fiO. 493 



■"WMght of this MDiple after 84 hourn' exposure U 
"Weight of this sample SLft«i a thinl annealing in 
Weight of lhi« lutiiple after 20 hours' immeraion 

0.177 

Weight of thu sain)ile after 24 hours' exposure t^ the air .. .. 55. SS-S 

Steel, soft iron, brass, and 1)1*01126 under the same cuuditiona do not 
vaxy in weight. 

3d. 01<MS and eryiital. — MM. Chevandrier and Wertheim liave shown* 
that annealing increases the density of glaas and crystal. I made Bome 
fixperimenta on tliese materials as limits of compression in order to de- 
termine whether the alternate action of tempering and annealing atfecta 
tXiiH density. I found that tempering materially dimintnlie» this density, 
wliile annealing tempered glass inci'eases it, and recipror-ally. 



Cr)i»Ud oj U. Mai*. 





DBoaily, 


«,iiBilln,t 


lb 


3.111 

3.103 
3, ID3 
3.109 


3.W 
3.101 

HOT 


&U0 










3.DU 

not 













* MM. Chevandrier a 
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Flint of M. Feil. 





8>mpl«a velebMI W to TO gtwomrr. 








-^ 


-- I 


An«aBD«HB|l 

An«t«mi>ei1n{ 
Altar umealinic 




a. no 

3.SK 

S.M» 

I. MB 


'1 


-■ 




Ciwcn af 3f. Feil. 




1 




— I 




aM4 


S.M3 
S.SN 


1 






-1 











iHt, The alloys of copper »nd tin prepiirwl in atomic i>r<tpor1ions « 
hibit a sensible liquation witli tlie exception of those which correspoi 
to the formulie Sn Cu^ and 9n Cn*. This li<]uation, slight fnmi the a& 
9n Cu*, increases in the alloys which difter from it in their ctimpositia 
bat it is ea])e<'ial]y great in the alloys containing a large pixipoi-tion 
tin. By reason of this fact it has been imiwssible to detenninc the fi 
bility of £iny except the two alloys given above (5 1). 

2d. The alloy Sn Cu' is characterized by special proi>ertiept. It tuw 
differentcolor from the others; it is piilverizable ; itexbibiti^noseiuB 
liqtiatiou, and it is of all the various alloys of co|i]>er and tin, tUeoQft 
which the contraction is at its maximum. It in, then, tbe bnmi^^eiiM 
alloy of copi>er nud tin, as the alloy Ag' Cu' is the homogeneoas ^Ii^ 
copper and silver. In paragrnph II is given the density of the |)iriiH!9 
alloys of copper and tin prepared in atomie proportions. An iden 
their hardness is giveu in the following paragraph. 

3d. Tbe bi-onzes rich in tin (18 to 23 jierceut.) increase in density* 
tempering ; and annealing lessens the density of tempei-ed brouae, S 
in a less ])roi>ortiou. Tbe density is oonsidembly increased by the m 
nate action of tempering and annealing, and of the press. These effec 
the reverse of those in steel, coiucide with the fact that tempering Hofte 
bronze while it hardens steel (^ IV). 

4th. This softening, discovered by D'Areet, is not sufBeient to alls 
of this bronze being workeil cold for indnstrial purposes. It was s 
n paragraph IV that this metal — L>xtremely Lard when cold and polvt 
izable at re<l heat — is forged and rolled at dark red heat with remarkl * 
facility. This fact enabled me, in common with M. Champion, to sutx _ 
in the mannfacture of tamtams, and other sunoroui instrument^ b; t 
loethod followed in the East. 

0th. Tem])ering produced no apparent softening in the bronzes ledB H 
in tin (12 to 6 per cent.) ; and if they are tempered for industrial uaee 
is more especiaUy in order to detn«h the oxide produced during the n ' 
ing of the matter in the course of the operations (§ VI). 

6th. It was found that in the axis of a cannon, and especially towai 
the muzzle, there are some |>.irts very ridi in tin and in zinc. *Yet t" 
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taieis le«Hricti in tin than the peripbery. Tlit* ileiitiil.v doi;.-^ uot mureiwie 
Gnmt the ini)z«l« to blie braeoh. 

7tli. Bronies ot 3 and 4 i>er cent, ot tin |ies8»8s some great adviiDtajK^ 
Mul UD importeut dii«)ulv)iintag«B, when uautl iu tiie uuinufiK-tiire ot med- 
^». 

8tli. Tilt' iteQ.siTy of cnpiK-r (§ VI ), snbjoetetl alternately to lueebaaicftl 
i<.-tion, tlif n to tempei'iug ur auuenlln^, displays inverse vaiiationa ao(H>r<I- 
-Mig a« it iH exiwsed to tbe au' or slwltered Q-om it during tbe rebeatiuK; 
nkile in tbe fiit^t caisc tbe lucchauical action mci'eases tbe deiiKity, iu 
Lhe second mecbaiiical avtiou tliiniuisbes tbe density. 

BtlL Some copper, non-porous, becomes sufBcieutJy so by being r«- 
[teated in coal dust to aciinire iiermeability to liquids (§ VI}. 

10th. Intense beat, prolonged rolling, and tbe oxide wbich forms 
when tbe metal is exposed to tbe air during reheating, render smalt 
quantities of iron jiermeable to bquids. 

lltb. The introduction of small quantities of iron into tbe copper 
gives to it considerable tenacity witbout destrojing its ductility j while 
rolled cop]>er offers a resistance of 28 kilograms per square millimeter^ 
that of feiTous copper rolled io the same conditions attains to 40 kilo- 
grams. Tbe hardness increases equally (§ VI). 

12th. Tbe alloys of copper and zinc Zu» Cu^ Zn" Cn, are brittle, like 
the bronzes Sa Cu^ Sn Cu'; they have none of the physical properties 
utilizefl in the metals, and tbe maxunum of cuutraction takes place near 
them (5 Til). 

13th. Mechanical action increases the density of yellow brass, aiul 
this eftect is counteracted in part by tempering, and especially by anneal- 
ing. It i» thought that anuealiug is preferable to temi>ering in working 
with brSiSs. 

14tb. Mechanical action, tempering, and anuealiug, do not sensibly 
change the volume of Rimilor and of the bronzes of aluminium, alloyH 
remarkable for the facility with which they can be worked (§ VIII), 

16th. Gi-ay cast iron heated iu coal dust or even in an empty box 
BiUToandeil with coal, acquires such a porosity that it becomes very i>er- 
meable to liquids (§ IX). 

IGth. It becomes equally porous when hejited in an empty cmciblo 
placed in ii nuillle. and when tbe siimple is flle<l in onler to rt'mo\'e the 
oxide wliidi is funinMl. Copper is not porous hi lliis Uist ciKulitiou, 

17th. I iilli-tiiptiMl to determine minutely the unHliliriitiiiiis wliich the 
density uudi-ipir-i tlimugb tempering, annealing, and Jiifi'li;iiiiral itctioD, 
rept-atfd aUL-niittfly a certain number of times, and the tllVii.s observed 
■were diflV-n-nt. Wliile mocbanical action increases the density of the 
"bfonzes rich in tin. especially (Table 8) of porous copper ^Table ii8), of 
copixT alloyed with ii-on (Table 35), of brass, it evidently dun iuishns the 
density of coiiper exposed to the air during reheating (Table "3), and it 
produces no noticeable alteration in tbe vuhime of similur or of alumini- 
um bronze. Tempering produces on brass, ami especially on the bronzes 
rich in tin previously anneale<l, an increase in density (T»l>les 5, 0, and 
7) contrary to what takes place in steel (Table 11 ), copper {Tables 2T and 
28). and glass (Table 50). 

It will be perceived that tempering diminisbes tbe denwity of a l>ody, 
because the surface cooled before tbe center, cannot r-ontraet freely by 
reason of tbe resistance that tbe interior parts dilated iit tliis moment 
offer to contraction. 

Copper and tin and copper and zinc contract when tliey unitp, and 
for the rest, tlie alloys formed experience large liquation. May it not t)e 
possible that by slow cooling a part of the co)iptT and of tbe tin, or of 
H. Ex. 98 38 
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the zinc separates, a phenomenon which should caase a diminntioiim 
density, and which cannot take place when the cooling is sadden. I m 
endeavoring to clear up this point by the stady of varions slight chemi- 
cal actions on these alloys, and by examining the modiflcations wUA 
take place in the density of tne alloys formed with dilatation of the metib 
which constitute them. 

I may be allowed, in closing, to thank M. Dumas and M. Poossiem, 
for the facilities for working which they procured for me at tiie mist 
where these researches were carried on. 
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